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^llil lJl^-U 



2U^L« P<ntV» JL^m ♦ J 



4.^ 



£_>liaXt J>cil 5UUJ 1 




V<\ - \ : LjL^^tl ^jVl Sjl^jJI 

Y a^^tl aSj^JI fj^l J^tl 

YY lj^aJI j^jllh J-ka.iJl 

Si ^LsaJI jlUHII Jj-a.it] I 

*n «a* : t^j* 1 l^ 1 ^ ^t^i 

w<\ - \rv : SjIj^ji ;autui Sjl^ji 

\ ov ljijulu asj^Ji ^jjJ^j jjjUJi J^idi 

w* (ju^-iJi) St^ii^uj Sjiji-pJi ljL^j^ ^l^^ J-t^iJi 

^ ^A ^yj^SLJI j^LlUI Sj^>!$ ^^iJI jLuJJ ^-uLj-LLiil j^ulUI *>uAa)I J^iiJl 

YYV ^rnjUL^jj^JI l^JI 1 ^Ajl ^ibeJl Ju^Jl 

TVS -Y1A : aijJL>JI ^bj-uai! ^ :4 hi *L>Jl SjLp-^JI 

r* * 2j;iLJI t£LIe»Vl t lUUJI J^iJl 

nv jj^jji tjjk, jjijii j-k^-iJi 




LJa_r- JyJ O^SLh 1^ 4a_juia ^laJ cb)^ 4_4-lSLs :4ju_uL^I ^^LJl ^-^J '"^ 

^laJ cLj^ j ^1 .JjLg-fl ^J^J^lSuJl^ ^^iaJl ^1 \ S 7tl ^Li-u! (^LJl ^1 cLj^ j ^1 

^ jj^t q^lstoj p^jl pj g.b3 jL^j ^Il±> J£ ^jJiLLilll^ J^rtt I gjPnlTtl^ SjlcLu^JI 

3jjJl ^ 1 a~z.J-uj L> ^ 1,^^ gjJu^ij pl» Cu^J^ . 4jJu-^J 1 3^*iAJb jjJl^ja ^LLu-^J 1 l-u5>j2 

SLiLa S_L_uL_uJ 3j^j ^^iaJl ^JLdlll Jjl ,^|jbVl ic^j^ ^SLiJ* 3ii ^ piaJl 3iLi^_uJ Vl l^^JajV pJLc 

rjjJL^ lJ^J-U^J q\ 4lS.^J ^.Ir- SJjJ^^ 5jJu4J 3^-1^ ^ 4^3L4 ^4 4^I^J j^-UJJ L4J i_uJ^ pL jjl 

Jyj ^ ^-.ic ^gj-LuJl J2jJI Jj-aj q\ Jaj (ft^ill <ul£, ^ ^ 7 ; i L^j^ LlL-5 jj^jJ^-^t <LJl 

i Jaj U J 1 ^ 1 A 7tt tiJjJu^ jfti-IJil ^>5t-Jt t^Lk ^ 2Lu-uL-u^l pjL^Litl ^i-C pj 
f*^ iS^ tJ>^ Jy 3 ^ L^K AjL-t- piaJl J_u^> Ul! 4^1S1j J-^-l pL q\ 

J^LJj pj Jwj ^ .(j$ZJ\ 1^ ^ CjVL^jVI J-^^L-u! tljL^^tl J^IHj ^-f^VI 3j-?-^Jl 
tljL^^tl Ji-^ >^ c^-u^Jl lUUJI^ .£i^u2.J\ ^jLill^ . S-l-^^I 1 2lSjjJI ^L-u! J3VI J-^JJl 

i J^-^rct I 09 11 IT tl 33^J^I J-^C ^L-ul 3 . \J2j-LJ 1 ^ 4-C,liVl :Ji-4 i Sj-Lt^jla HiL4 J I 



■ill l ^l l l l lljiJJ 



(jKJt^-if ^,^3 jLaJ* a Jj i ^_<_uJ i (jyb^ jjIjJJ jh^ 1 ^-?- J^llLLa S-jJUlI 1 3j_r^aJ l La! 

. Jj^ojil file. jj^Lt-d i ^7-^3 
j-i-uLIll J^aiiJ 1 -,-2-2 mi {I^Ijl3l&$j-£J\ 3 SjjL-J 1 Sj-s^S.J 1 1 1 3jl?-^JI Lai 

jL-LU ^ f 11 ^Lit-l 1 ^-oLlJ 1 J^IHj j-luLJI J^a £ tl ^3 q^jLS^ ^j-&£J\ jL-J 1 

^ 2dSL^!l Sj^JJl ^L-u! ^-^3 2Lij_jLst_M cLj \_uiJ 1 ^2 2u_u.4Lst_M 3 j-r^ai 1 La! 

<Ll^-\$±j\ 3^_bL__i ^-A-Lm j j-A,c ^jLill J^__™_i)1 ey^-s itljVL-^j^ CjLu^jJSLII j_l_ijJ1 f*^--^ 
jJLc JJ^j-f^ J ^ ait ^3 ♦ SjjJ.tl l_S LcLaS/ 1 juIlC lIJUlII J ^ dl\ ^3 . ^j—m-Jt! 1 3 S-^aI 1 

.2LuJL5t-M 

SiLr- ^3 ) L-J.il— 4 ujj ^LL^ii* L_tiLal! JIlj— ^cVI ^i_u^ ii> L^jLl-LcIj ^LL^iiLs c J—J* -Y 

3j i ^>_sJ 1 CjU^j^ cb3— i-^i CjIjI—*^ 5_^^_^J 1 4j^>I^J3 CjIjL-*-^ ctJ^i-^ 3 j 1 ^>-^J 1 ! Jb -T 

S—lj^—^SJ 1 CjLl- mLuj j ^2 3^i J_rt—4 J 2LjMj ^3 5_i ' it^r, i ^ S—lj^—^SJ 1 J3L0 - i 

<GLgj ji*^^ ^! S^^^i ^ ' " 1 A t-i^ij-utj SjjU 1 
tljL-i-uL-ui I^ju-u-u^ jL^Ii^-b <U_a ^JLc 4£j-L_rt) 1 tljLuj^SLI^fl J^aiij l_jLISLII (nl^- -1 

^ SMif? 7ni.ll cjLfcbejVl ^Jl ^^Li^ . ^ja-cLaSLJ 1 JJU SLjLrJl Sj-j^^JSJV* ^L^JJ* Ji-^T S^- 





iob ^.u^l J? alt a£ Ajlm Xjux^X 1 S-yJ^jJ 1 tljlrt ut^Ill ^-.ic Hia! 4.2 Lu^ Ls l-jU&Ji -V 

us 



4-JA.sJ 1 ^jLiLS-^if LSaia 4ajj* ^ 

CjIj^LJ^ 4_oLj lIuI^JLI^ ^ J-T^aJ 1 a ^Laj^^ j^ 4 ^ 1 4 stJ * 4-LmJ l_jLSLII Jji - ^ * 

jS^tl ^vsajLja fa^jL-?^!^ c La-Lai 1 ^v^aj c La— > j S-oLj^—J 1 4j J_rtj^ f| l_2 1 a S-l-lu 1 ^ t 1 

_ 2 . S ^1 jl^- _ lj^J 1 ^iiili ^LilSa_i-uVl - ^ Y 

4_r^jV Y t SjL^^Jl 4_^ h is>j\ ^La-i-uVl ^ c JuJj 3Lclj-4 .SjiLiJj 

l_jJj^ J^U£ L^^iiJl f^^aL ^L^ifcV^ . 4^1 jJ* 3jlij ^jaail ji^aJ* ^ jllSV^ icKaJt 

. \ JjJw^ 1_5 fuialll o^SLjJ Sjl-^^jJI ^L'-L^LiliLs ^^Jw J£ I^jj ^^jjJl Jn2ij V p ■ ^ I ^ 1 1 
L^I^ ^iSuJ <UJl (jib L-tj^-SJl Jt S 7 ni-tl ^ gjJst-L-m dLcLa] 4 ilt^Jl cV^±> Jn_s o^SLj . \ S ^ 

^,1^, ^Jjl! ^b^ 1 JyJ ^iJ ^3 <Lii ^,1^, oL^^-sJ 1 ^ J-u^JJb di-Lc ^jJUrtJu^ LjJj -J* 4lx, Jlj J_rt_u 
IiJ^j tiJIiiS^ . ^j^LaJl <ll Lltj! diji^ dil^ fuiail J^-ua ! dijJu 



i \ 4 4 i \ J N>tt i \ 4 gfc 4 ^ata^ 4 ♦ ^ 



Waves ta^L^^I 
Wave Motion rh ^$-U <L^>^SI 



4-4 JL2-4 



3^jJi_u3 5-4 l^c L_t-clJj . cU 1 j^L^-u CjLj^JJ ^2 <LLa_L4 liua.au J_rtj 

jjl JyJ - cU 1 ^ SS^J 3! 3^jL5tJ c^laLi ^-.ic ^jj^JbtJ! ^ <UjlU ^r-^ 1 LulaAJ -A^tJ^ i J^4^3 

j ntl\) i_j|^La^s I jju-^^ ijLi^j cU 1 jLa-i-u 3L-^r*- J£ ^^L-^i! (j^Zjuh x'Sjj-slui 3L-^r*- - j-i^ 
^3 .0 - ^ JSLi) 3L^rJt dJUG 




^Li^J 4j-u2> ( j y i^. jdU<i* j *<7m 



Sia-^ia ^.ic ^SLf L^IL-ujI f*ijjj?ej S^ALill S-cJ^I till LL±> : Cda^ . jjJaI 1 
oL>j-4 ^Jl Jjjt-Z! Jiu-r- (Sj^-uaJl^ Cij^iil J-iij ^jjJJuilJLs dLta^ .MJL* 366.7 m L^iiLa 



Cjb^Dj ^i^aJt ^L>x4 dUaS^ ^Mechanical Waves ^uSuiLSL^ ^L>a^> ell* £ib^ .Lfcjtfl 

.Electromagnetic Waves ijuj^lli^j^S ^^j- 4 

L_tiLaIi 2l^jjISLJJ ^Lb-il^ . AVI j^jit ATtl ^ ^ jLkLuJ (X-rays) 



% Mechanical Waves SUiLuliLdl ljL^ jll 



♦ l^-t^Jl ^Jl jJL-^il JyJ J^IIj L_j|^La^sVl JyJ (Y) 
.jlJifcVl J-^J ni^Jl (Y) 

: LgJLa j JLL aj ^hH^ 3jJlgil jiL-aXlj 
(Y- ^ JSLA) 2ulLJ1 J^dL Ji* l^Jl J^aiJl (0 

(r- ^ jsla) sj^ti jji as^i (y) 

(t-\ JSLA) i^Xl^l (Y) 





^Complete Oscillation 33*3—^^3 < Amplitude 4 uA\$ ^Displacement 

J£ L^jj,aj Uji^ .Frequency a Jj1\§ ^Periodic Time ^j^Jtll 



1 



^ at <j 7 6^ (tu^L-^il S—r-tj 1 cr^ 2 —^ 1 xAmplitude (A) (meter) SjIJJlaVI ^ 

^ J 7^1 (Tim » L^U-s-j ^11 ♦ 2l£^Ji ^ tComplete Oscillation iUlSLtl SjIJJLaVI 
*>Lrtj 1 ^ . jnl^iLZU 4lSj_^ jL_u^j ^ 3jl?-^ 4i^21j lhj ^.ua-o ^Ul 4_uu4 U 1 3^IiJ | 

.S^ftJt 4j| ju SLi^U 4^uUb "Phase" j^LJl <J oi^Li < 

L^jj-^rtj ^Ut iULSLh iLIjIJ^JlaVI ^ c >a tFrequency (V) (Hertz or Hz) a jJtft 
J 7 jti |nr» gJt 4i j i 7 r u \ ^jJt xPeriodic Time (T) (second) ^j^o!* o-*}^ 

. -Lr^ 1 a *>Lrt3 1 ^ (jkIjlILZU 4lS^?* 



x Simple Harmonic Motion A t^,„,ti 




4Umnt1 Sbuifll^Ul 4^Jtil JUL* 4r^?-jV! 



J^jluJi at (\-\ JSLi) 4^-3^ j^ri 
JSLi) "Simple Pendulum" la^ itl 

(4J (b) 4j_>o-4 ^a^i_i 4_4J-5 ^.i! ^b^J (*3 

2u^i ^1 ^b^j ^ (a) j h J2j 

(a) j h uaJi |«3 fcj ^LxJL-oj ja_ui_5 
.(IV- ^ jSLii)jlj^jLojb L^-uiiiJ j^j^ 










Resonance 

J Hi ♦ j i « a ^j ^ £b>H ^4-^ ^L?- 4 ^ L-*>-£Ij 

crj— JjJt j 3JI Ij-A ^4 lojj .(A - ^ J_SLdi)) 

cn^ (^Utt jj& jL$ii L_u^ ^ ^Resonance 

Resonant Frequency Juj J\ $) e^kli ^ ^Ili 

JitjL-y-i fj^jjit^Llj 3I ^j^tj Tuning lJ^jJ^j ^L^i 

.JLaiojVi Sjjh ^ Amplifier 




j^L_uJ ^^j-Ij j-<-u.3sJl jIjjlAI L -4-H JJ C^dL>^ 



<La^Ia tdf^ojj < ^A>^ a LluJLa^ ^JU! ^JLa! ^La-i-u LjC^-l^s^ ^IJij LHj-rtJ til 

Sine Wave ^_u_^J 1 ^JurtLa ^±> ^JLo ^Jurtla ^JLc J^a_r^j Jyj Ui 5_x_<_uULj ajtj 3 " ui\ *_u^ $ 




A 



liLa .(M Y - ^ JSLoj) o^ulj I^jL?- ^ -U-a-Ji 4^^La jJlc lIuL* JjiLs tiij-uj j-^ - ^ l-SjIaJI^ 

icn^jil dJ ujUi ^.Ll S^Jij ^o^j Compression i*£L^JJl .I^iL_^.lj A cn^j Cjr k, 

j-cLc-Zi^ J^UT hij SIS J 1 jn^jj ^.Ll dJf ujUi ,3 La x = - A x-Jz m iLSLtl cSj^ til ^ 

cn^jit j iVt\s U oLl ^ Rarefaction J-seJLseUl ♦ iiieirJl ^ Lc^j 4jJrt-4 4jL£ir- 
•t£>^i 3^4 x — j\^2!Lm^\ $ m SIX J* U ai^, dJ^ajJil 

4u_uiij i^aJj jLlIj* abejl 0^3 -SLij-j-uj SjJia^j 4S^r»- ^ (dJfjojJil LL±> <UJUj ^Jit) 1^-^ ii 1 
JLul^- iLongitudinal Wave iJ^LJl S->aiLs a^l* -v* JLx^^S JLilil abejl 





(d) 



niyiffffliffliiiiiiiiiiib 


■ 

1 — 1 — 1 
* 




■l III Mil Mil H Hill" r 





4jJ^3 Lj^SLa llljOJj 



X=0 



lilt II I IHli' [I If II M Ml'i IM MM Ml]''-''! 



♦ cl^-fl 4^ j-tllHi ^III SjJ^aJl ^L^^aJ 1 CjL^4 diJi ^-.ic JIJU^ iAjlJjl 



^1 (Jpj-J ♦ iSj^stJl ^illj L^J tlt-xlil J-^^ diJJJ La_Li ^3 ^-ojI^JI aLsejVl 

.0 V - ^ JSLii) Transverse Wave 2uis j.aJLu.4 S_>a^> 0< if,ij 5_>al» ^j^^ •o iU b 




■ l.-l. 



-■■■■-.■■■■ ■ ■-I I — I ' .-J 




^1 





4j_Li/l jil 4^!jMt ^jj-sJI e^lrslil 

J-?-! l1uJL-4 . Jj^Ls J-c^- ^1 JL-3c-Lmb di-i-u-ilj 4jj^tJtll JJLa ctj-^l dilSLo^ 

tiJjb tiJ^eJ Ladlc^ ,tiJjUj .SjJufLa ^-^1 4-2^2 L^Joj £^-i-uij lajLstJ (jj.a-Jl L-S^La-h) <LJa^ia 
j-lLlIIj £ 5^2.-0 JSLii ^-.ic jLAJul iPulse JSLi ^-.ic ,„v^ ^i^,^ L-mlj 

♦ £ - \ JSLi) "Travelling Wave 1 ' 4Ls=j 2l^4 i_>aJj a^l* ^ , t 3$ < J-h^ 1 J^Ia Cjr k, 





.00-1 JSL-i) 

il .5 x. ^Jl o^-^j I^j_?ct 1 I^-i-u^Jl ^LLIj jju^Xl Ladle <GLa . 





♦ Transverse Waves 2ui jm^XS ljLj*jII ( ^ ) 

♦ Longitudinal Waves <Ld ^tal) ljL^ ^t) ( Y ) 
c*L1j>jv L^jJL^j ^JJi LjLv^tl jJAj ^ : Transverse Waves ^jLLuuli ljLv^ALs 

L^-c^ jJL^j ^JJi LjLv^tl jJAj ^ xLongitudinal Waves ^J^Ji ljLv^Uj 




^ ijT?-$l\ J^LJ! ^Jajj-aj 

JSLAtl ^ i(BD) i (AC) cnliLu-tl c^r^* J^a-t* JI^j <j' < \aa> ^.Ll^ 

SjJiAj < j_r>-i a Llti^ ^ ijl^rtZ! (D . 5) £ (C . A) jnLJ Lu_^ jnlLuij J£ q) I^^Mj^ .0^-0 
^0 Phase jiLiJ 1 jnljJLIIi 1 jnTt^i t> cnjL^f o^SLj £ jl^-Ij *>L?t3 1 ^3 . Sjl^-Ij 

. (Y^ - \ JSLi) j^Lal! 




xa ^£ ^>-^X\ J^LaJl l_£Jj.aj 

. (^luI SjljIj Jr*-^ 



<jLa X ^y^-jil J^laJl J-iLsL) <*L3I_4al4 JjljJ j-*-T (jjjl <jlSLa ^ V ^Lc^^jjiJ 4_5-a^ ildii lil 



V = 



V= 



7 



V 



v = X y 



(i-2) 



.(U-^ JSLA) 3jl*»3 2b^ai (Vt-^ JSLi) 
♦ ^j^tl J^a.h J^Iaj 4^L_u^3 Sj^^I 1 J2IIj T ^ lS^ 



t GHpJ 




W 




Scl^It ^ iujj<aJl tlsLp-^Jj j I n, Tit 4£. j-uj Us 550Hz 



v = XV 



v = 0.6x550 = 330 mis 



72 



v = X V 



v = 12X0.1 = 1.2 mis 



(3 xlO 8 mis ) 4jjLlJ| J* jl* 300 ^LuJ 4£. jiuj *Luaidl ^ ilib-^ jAIIj (T) 

5 li* ^j^j .5000 A° e.$2zJ\ JjLs ^15 lils 

70 , 



i Angstrom(A ) =10 m 



c = v = 3 x 10 mis 



X = 5x 10 s x Iff 10 = 5xlQ- 7 m 



c= XV 



3 x 10 8 = 5x W 7 xV 
y= 3xl ° 8 =6xl0 14 Hz 

5xl0 7 



a^*j>f» ( 

SjIJIaVI 4a-i-u 

^ ajuisj* SjIjiaVi (^) 

3* iSJ3^ c>3^ CO 

HjjIS (-fc) 

<jJb U-^ ^pu^il jLOi^Vf j*U! (%/) 2u^U ^0 tLulj 

v = — M v = X V (!) 

V 



.iu^tl 4S^-rt) 1 jLIIj! lai*- (jjiJlj ^-.ic L^j^SL^u 

♦ ^l^jl ^yfl CJ^-Uijl jLljUl iJ^J 

546 mAv 0) 330 mAv (g) 333 m/s ( v ) 338 m/s (!) 

oi^j 225 Zfe Lajj 2uJu <Lj_a j A 7m 340 mis ^ ^ Cij-t-aJl 2lc ^ l!uL£ til -0 

*L_^Jdi ^ ^ ,1, 7q (i Angstrom (A°) = 10' 10 m) 6000 A" -i 

> $± onjj ojSLj 300 x 10 km/s it ^loj 

4 x 10 14 Hz (u) 4 x 70 70 Hz 0) 



5 x 70 72 #z (j) 5 x 70 74 //z (s) 

Lo^-J^ta ckj la^-u^ ^ ^jI^AHj 256 7/z < 572 Hz U-^b^jj -V 

13 12 
j CO yfe) yW y0) 



A 






4-4 JL2_4 



)\ L-t^-aJl c&L^ 2-^ (j^^ ^A>-H^ J - 3 S J ^313-^^ ^Ilj±> J2L oiVl (^jL-ujVI 



Reflection of Sound Cjj^H j^lSuul t Vj) 



i Il±> L_iaL>- 4ta2 J JyJ jjLua <G! 3^-lJ3 < J-ustfl 3! lajLstll j^loSUI JlLa_ujJl <LluI£juI 3! 

c^JlLJ 1 ^L^aJ 1 j^jSLI! ^ju-aJLa ."Echo" "^Ju-aJT S^ll^Jl aj-fc ua^ui^ ♦ jda.tjJl 

4J-fc 3^>^ ^1 * CaM-SeJ bcll\$ ili Ltai. LlaJJ 1 JyJ I uaj! J^lj 3jLrtI-4 t-jl^S' JSLii ^-.ic ^Slalj 

^-.ic 1^ ^ ? < 1 J 1 JyJ fLilj ^ialil ^J^-uaJ 1 ^Ia-lLJ| 3 lai L-uJ 1 ^j^aJl ^Ia-JuJ 1 -Y 





6 Sonar ^j^—t-aJl j^^J> ^j^-^b < Radar jt-*>f1 c J a au diJ^u ♦ tfLt^^La 



1 



icnlsJl jjj-^ ^ (^>"4^ V) Ultrasonic ixj^-uaJl 3^ £*b?->U fjh* 





A 




Refraction of Sound ljj^DjLu^j) % LuLj 



(jjfjt-C^ui (jr^ X^n\$ ^-.J 1 ia-i-oj Jy3 4)1 HjI JLlC CJ^-^Jl jLmSLjl JbqJLatJJ < (Y ~ Y) JSLlJ 1 

: p^SLi iSj^"^ 3jLa_S .^JJ^jjjJl J^jIlIj ^-..2 Ci£^Ji 



(2-1) 





Vi 



v 2 






JyJ (jKl-i-da (jKJ tlj^-^Jl J2_u_J Ladlc^ ,^jLJl c^^gJ 1 ^ L^jLlLlIjI ^ Jj^L-^J 1 c^^gi 1 

^Lc^ j Lm£j 1 ^LrtjuLJ 2LaL-u-4 die L_ti 1^4*1 4jl4_<_u_j j^U 1 Cj^^iJI 3 J_tlL j^l A V^i 

♦ jLrJl fi-^ ^ ^jL?-*^ ^Lijjt ^-t-y-u-s 

^lijc^^gi 1 Sj 1 ^-?- j^LLrtj 1 u_u_<jaj ^l_J J^Iai i^L_<_ui tlj^-L^Jl j_4_<_uj L^Ju-s 



i 



i 







A 





: d^j-t^j Oj^all jJi^lJLJ 



Sound Interference Ljj^al) J^tdG * Vj) 



L-L^IjJ ^-fc J-?- 1 J lit 

(jjJij L-o-^l jJi£\ $\ 

Constructive Interference 
Destructive Interference 



4jjIj 4j^-4 jjl 




4idlk^ 4jjLj 4j>x4 j\J\J\/\J\J 

180° jjtalt^ ' ^ 






1 



Amplifiers Cj$j^ ^J^-l^.* Jj_^^Jlj JLill J^-h- <jr^ o^j^^ 1 -^ (jr^ Ji-^-^J ' folj 
JJUj JSLAJl ^ 4rt_^^i! iL^Hl Lyi \^\ .(0 - Y) JSLUl ^ l_j c^>^ jjl^II 

,^^-^X\ J^ill ^Loj.j cnJLZU cnalaZU cru-j^ 3! cruJLZU jnl^aLj crj-u^ Jn_> CjLsLuJ,! 

3! l^iUl J_^^j ("l-Y JSLuj) 5_a-(-u, J 1 a ^^Jtll ^L^LujL-La L_t^jJ!J <Lrt_L_u a 



l_jIlsIuj lLjl?- i Ripple Tank CjL^^tl 2djl_4-4 4j>»=j ^-La-^J 1 Ji^-lali a >.Juj 

^LaLl^ a . cLlj J^-Ijj ^LaLl^ 2Q^SL4 L^-u^-au Ji^jJu i^uSjJlSLj-a CjL^^-^ ^IJLlj_2 

.(V-Y JSLi) ^tjufc Ji^jG 





A 





Sound Diffraction * utj^ff ^JrP* 



♦ la-u^Jl Q^Li 4^ i^LrtJ Lfcjj^y4 die a* i^-^Il J^lall 4jjLi4 istlih ^taul p$£* UjLlC ^1 i^-^Il 




Jjlji JSjUj ^jlc 



4jLs i(A- Y J-SLoj) 3! j^-^- (jy£ 4-5tJLa J^i-^- ^^3-1 4_a \j~L ^2 j3-T j^it_tlL 4_2^_c. 




: o^SLj^ (Y-Y JSLoj) I^-i-u^Jl ^ ^jlilt 

sin0 _ Vj 
sin0 v 2 



Superposition of Waves * >j 



.(^ °l - Y JSLi) Beats i^ulo 

tfilfc (M ♦ - Y JSLlu) JjJ 1 4^>5^ S-uaxi Lltiii^jl J^j-rtJ ^j^iLa Li£^_r- til 

4j^ii> ^,2_Hj Udlc W - Y JSLi) i_i-u^a-4 L^jb o^Sj SjlS^I iu^-uJl <jL9 . 4_£^J i 4l£L<jj 
. ( _> W - Y JSLi) ^J/^ 1 2JUftJl ^ cLLs M_i-|jb ^laaj 1_^}L^ nitl ^ Sju^II 

,(i \ ♦ - V JS:^i) Suilill iJLrJt UlJL* Mi^tJb^ 




Standing (Stationary) Waves * Sl&ji^U Ljb*^t) 



( jLulJI oty i' erfj t£jf ^rtL V <Gt% ^jLu ^jjJi lLUj-^jJ Pattern *MSLi 

5! dij^jrtL Lai idiJi lj1jL?-I J-S-*^ i (jf jJ^li\ L^iitl 3! J^rJl 3! j-J^ft c tij^rtJu 

^ <LLuui! 3! i(! ^ - Y JSLlu) <lLjL^J} ^ ^J^Lu JSLAj LLa^-Lfc^ ^^jlud ^.J^ill cJaitl 3! J-j-sJl 

. & JyJ 4 J ^LrtJ 3! \ - Y JSLii) j-^-^H L-S^LiJ 1 ^3 StajLmJ SjJi9^j 4S^_r- 4S^J^eJ3 uS^ia 






*Melde's Experiment JLUa 2u>^o 



. 5_i_uS.aH 1 t-jL-^^il 4i_t_jL-uJl t_jL^^tl l-£\^J2$ » L^lc S^SLJ 1 ^.Jt J-^j 




A 






^ (Antinode) jLa-J^ .SjlJJLfcVl <ui ^a^li ^.Mt j-^^tl ^ (Node) SjlJLsJI^ 

• (U-Y JSLi) a^uiu 




A 




j3j UJ^LdJt S^J«U/ UjLa^» 

jjl jLuLcl iV 5_^^_<_uj (jK^j-ft ^-J'u-uj ^.ic UlUIj til 

Ij-A jLI^,! ^SL^j a ,jL-ujil ^Jl v ic^_uj dJ^rtZ! i^ii 1 ^i^, ^LUj-<_u^J i 

£=2R0 J^Jb S^jJl^ i^tjj! iilfs (U-Y JSLAJl) 





^ COS If 










\ / 


F 1 


F S1[1(I \ -• - A, ps 


in ii \ 


/ 






/ 















: ^ Centripetal Force 4jj£ya 3^5 ^jUj <GLs 

Mv 2 



F r =- 



R 



^1 M jL-uj 3 Jn^jj ^.Ll aAh HLb- liLa .F T ^jl ^ juiiJl ^ t All S^JLh a^l* 
Jlu-rtJ i LfejL_uJ ^Jl 4j^L_u^3 3ii 3 6 M Jn^jj ^Jl F^ cos 3ai tiJllfc L^J-u^>4 
F T sin jn^jJt ^ juidJ 2u^J jii 2u£>Xl UIjj U^Ijl^I 

F c = 2 F T sin 
F c = 2 F T 





1 



R 

F c = 2E r ^Z2 = 
R 



R 



My: 
R 



-I- = F T /m 



M 



= i F T /m 



(2-2) 




A. = £ 



t Vibration of Strings * jG/VI jl>Lfcf 



(«S i<U-S^Ia ^ J^-tLa .^JtA* jJ^ ^J^J 6^ til 
4 C cjLaLtcjI ^ 3—^-^ ^13-?^ L)( 

- crjlJLxill <U_LL^J ^1 Ji-a-J jJ$S\ (J*}-*- (j£ 

. Standing Waves ia^S^X! Cib^jJ ai^SL* i^iaU^ 

,<uLL$j ^y* J£ -lie Node 3, a 
4jl ^SLo S_un£Lh 6^41 j^3^\ 3-^? L^^^i 

Segments CjLcll^i ^Jt ^oaJ 1 ^-t^J jS*-^ lLjj?- ^^3-! djl ^ aSIj J-L^j <j! >>aJJ ^SL^j^ 





A 




( A, = 2^.) JLr>-» a 4LlA ^.k, ^J^it j-I^j Ladi^ .(W-Y JSLi) ^yfl L^^^JH ^Jl 

JI^j Ujlol^ .(First Harmonic a^i^Ui /!)♦ Fundamental Frequency 2uuluLu&I 
2 < * *u7ti yi) First Overtone ^L^i^JJl <CL*Ju jj^Il cn^lki Cjr k, jj^li 

^k jj^Jl JJL&s Ujllc^ .2u_ljLljVI 2uJlJ| ^ (Juu-a ^Uaj (Second Harmonic 2ljjL11i 

iilLtll 5 **^7tt yt) i Second Overtone 2ujLL!i 2ui^JJl <LUJu jjjJI j^ij CiLctLi 4j^1j 2lLla 

.SjlluLu&I 2uii)l ^ ^ JLUi 4j^j ^Uoj L*.^ ^(Third Harmonic 

_ n X 

z = — i 



A = 



(2-3) 



(2-4) 



V = 



T 

m 



(SlJjJaII is USUI) Jl^tAl Sjls^ 2di£ m < ^^^JJb JuUl 3oi F T Cu^- 

S^jSJll S-^-ii* njl q\ lIo^^ .kg/m 1^3 ju*-^ 

(2-5) 



V = 



A, 



(2-4) < (2-3) t> X, < V ^ o^vWW lit 

(2-6) 













m 



/0 Fundamental 



L^^l <LL_4-ii jJ—u^ij ( n = 1) di_c ^Lfo ojIJ-IaI 

m 





1 



2ujLL!I 2uJL2^Jl!I /!) First Overtone ( Jp\ 2u_i^JJl <LL«Jtj jj>h jJLuaj (n = 2) 



Y — ^ J : V2 L*^^ (Second Harmonic 
2 2" fm 

ilfLill 2uulfll>i!l /0 Second Overtone SluIjlJI 2ui^JJl <LUJu jlijii jJLuaj (n = 3) ak^ 



V 3 



/ t * V3 (Thrid Harmonic 



2 , V m 

- £ ! 

.uajj^Ill ^i^, 3:2:1 V3: V2 : Vi ^>3>ft 
aj-fc 3 . ^jIlsJaIj til jl^-I^ 4jl ^ ^LLaJiU 1 ^Il±> jl^I^-I! <jl ^SLo^ 

oLs 3^jL?ct I jlll Ji^i <tf jju-a.^j ^jjJl J^a.i!t til Ui .Modes l^Uji JIjUjlJ* 

— ~E9 

Ladle 50 Hz La^^j 4j_i-uL-ui 4^4JU jJluij 4L.3L4 JLi 3iJlJ .^JlA* J - ^ 

' ^ ^ ' tl ^l! 4J^la j^s^LlLj 

Vi £ i = v 2j2 



50 £ i = v 2 



V 2 = 100 Hz \£a S 



jl^-^'i .^J^la j_j_3u ,»jLc. 8.1kgwt ^1 6.4kgwt ^ a,t A S^Ji Cij-iJtj ^jul_« j3$ -Y 

.(lkgWt = 1 0N)ilb- SjluiLuiI k*iu jJLuaj 4ib Ulr t^Ubetl ^ Ji c*j 2 1 mitt 





/(F T ) 1 






v i _ 


/6.4 


v 2 


Hi 



(F T ) i = 6.4 kgwt 
(F T ) 2= 8.1 kgwt 



64 
81 



8_ 
9 





2ujibtJl ibt_c) 20kgwt LfcjIaJL* 3i2_s ^jluj 4 1 x 10 kg <uSj£* jJU jl^Ij 4_faL> ^ -V 

* -2 * 

S4jlluLu&I JJj] U (9.8 IllS iLuis jSfl 



1 x 10" 3 

m = = 0.001 kg/m 

1 

F T = 20 x 9.8 = 196 N 



v = n J F ' 

if m 
2J V 



v = — !— x i/-^- = 221.26 Hz 
2x1 V 0.001 

8kgwt LtjtJ a * S^JL b^j-oi-d lij cniltai JSLui (j^ic. j_L« a_r^1 3 1 <l mlt j3$ -i 

4ia Jl^L^I SjL?-^ 4i£ilJl£ lij LAjJLi^j ^1 iuiuJl Hjj > -muyt (g = 9.8 ms" 2 ) ijjibelt Slstc^ 

0.001 kg/m 

m = 0.001 = kg/m , F T = 8x9.8=78.4N , n = 2, j^lmj^t 



V = 



2 V m 



v=^— 1/ 78 ' 4 =280hz 
2x1 V 0.001 



4_s-j_4 jLAijl 2Lt j_ui c-i^tuyl 0.01 kg/m JI^L&i 2dl£$ lOkgwt ojLui Sjii ^3 -0 

F T = 10 x 10 = 100 N , m = 0.01 kg/m « J^l 



v = 1/ — — 



£1 

m 



100 inn , 

V = 1/ = 100 m/s 

V 0.01' 




1 



^1^, la^ nJl ila^J JyJ ^Lai 1 ^i-^jJ* & ^ialil ^ja-uaJ 1 ^LaLuJ 1 a laiL^Jl ^ja-uaJ 1 ^LaLuJ 1 - Y 

sin (|) _ v i 
sin 0' ~ v 



♦ cnLJLZU (jrtJdac (jKJ 43 Lai! uaa.^ 3 ! (JkLJLlU (IjU^J crjJ 43 Lai! U2Aai> 4j4> is^i^i! 4r*-^i! - 

- _ n X 

— ;r : 3d.C ^Jl ^.{-a2-U CuLSfcJ j3$ \I^J Udlc • 

FT 

3^5 F V = 1 / — — 5-5^ijJl ^ a^-^a jLiLo 1 cKa-I! • 
f m 

.^j^Jl 3jU Jl^Ia^l 3d_r-^ SIS' m i dAIt 





n 



1:2:3:4 



.etc. 



.414 ij& 3 (3) JLlJt (2) jjjil 0) 

♦ 4Jl4 Jl^ta^l SjL?-^ 4l^ta *_4 JliJl 3a2J 

.^JLlu 5^5^ 4l^ta ^4 




ili^yuali ^ISjuI ^.jajLi - \ 

: SjLjlH -V 

Aj^-xa C^^j^iS 

ii^ljJ 1 4_u^ ^aL_ui 1 Sj^^I 1 jLIIj 1 acjjlm £#aj2 (!) 



1 



V 



<Ll^Ia ^4 Lu-uLl! jj^j L_t-i-uUuJ JLitJl ^J^^J J-^ (-^) 

^4 Lp^la Lu-uLl! Sj-i-uL-u^l S-^jlJ 1 L_t-i-uUuJ t - J >H J- 4 

LlluSx. Lu-uUj Sju-uL-u^I S-^jlJ 1 j^jj L-t-i-uLoj zaJm * ^j^J 1 J&la t - J >H J- 4 (-^) 

1^ (jkIju^3-4 cnlS^*- 4^t>! ^ ia^S^lJ cjL^IJ tAI! - ^ 

J-r-^ abejl (I) 




: ^ 4^5^11 4_^aJj J^iLs - V 

: ii^ljJ 1 Jy3 ^oa ^2 iis^JlluLfl jlAjj\ ACjjlm LttJLjLl "Y 

v = l/^W (^) v = ] 5 Mv= m_ ,15(1) 

V t m V m 2 V m 

.^ubLJl J^^aJl J£ (^) jjjJl 3^U JI^LAl 3j_r-a 4il£ (^) jj^tl jui 3ai (i_j) jl^Jl J^la ( 1 

0.5m ^L-ui! ^nLJ jnl \? r SsLloII lIuISLs ±$JlJLa ^.h 4-2^5^4 uiu^So - 

3 J_r- j 4JLLS3 10 kg Wt caJm 3^-5 l!ujL£ liLa . 4_u^ 7_m^3 4^3-4 <Lj_2 fjjumj I^JlJLjA - "I 

i^tl jLAJut 2lc oj^j 9.8 m/s 2 2ijjiLstJl il^c 0.02 kg/m ^ 4i* 

210 m/s 0) 70 m/s (^) 140 m/s G_0 35 m/s (!) 

2ujiLstJt iiat-c^ 0.02 kg/m 4i* 3j_?-a 4l_L£a 10 kg wt jui 3j 1? ^jLiu-* ^ -V 

t ^LLhiuJiat^Ih <CUju (jLa 0.5m ^Luj liLa 9.8 ms" 

35Hz(» 140 Hz (^-) 210 Hz ( v ) 70 Hz 0) 




4-4 JULa 



^ ljJLrt-4 Jv^ j-dJuJ .4j->i_c 4ju_da C^-uaJJ <j! ^LuJl J^aJJ 1 ^ Loij JLi^ 

L^Juu Ujl2 ^jLI!^ i 3xl0 8 IIl/s Lfcjd5 £j^ii-h ^ 4LLj 4£,^luJ L^aj-gj*- j-lLljuj SjLmjda UJlc I 

.( ^ - Y JSLi) Electromagnetic Spectrum n< ^LQit^j^SLh i^kil <» mijU 2uk.a-4 1 
Ccrej 5 t A^l CjL^j-^ * Radio Waves ^Jt d>L?^-4 JULU J^-h^ ^.i^ J^Ij^ 
ij._rt_^JilJt iA-i^t ^L>i_c^ ( Visible Light jjteUl ^^-uall JLL>i-c^ < Infrared ^! >-*-sJ ! 
i Gamma (y)-rays U>L> 2uxJu\ JLL^i-c^ ( X-rays 4uJu_uJl IajS&I lLL^j-^ * Ultraviolet 

l^Jl^Iai^ L^jb^i 



? 

Radio Waves 



Micro- 
Waves 



Infrared 



10 & 



waves (j p 

io 11 |jo 10 io 12 io ] ' I 



X-ruys 




Gamma rays 



JO 

JjJI 



10 



I0 l! 



r>22 H 7 



a , ^ ... j: A\ 






♦ ^jLjlJ! ii_ui^J! 4*jula l-jum^- iidl^ l-ujuj Lu^.Lj! 1jLu£j1 LluISju! Laj <GLs (^jLc 
♦ <j-£aL*ij O^^^ jju&u jh^S cjJtl^ i^S^uJ c^liJt ^>-^ oLs 

.JbU (T - T) JSLU* > 

3 mSLHl^ ^^alt^ la-j Lea J 1 ^Ls— itJl JyJ J£ jJLi 

X L yj\^SJ^\ Sib- ^ + 



(|) 




1 





sin ft v i _ n 

V. 1 2 



sin e 



(3-1) 



8 

lil^ -j^ba la-oj^ ^1 ^ <LLcj-oj di ^LI^JJl ^ ^lcj-oj^ 3 xlO m/s 

n=— (3-2) 



II <Lt jLuSjVl (>LlL4 



1.00293 

1.333000 

1.501000 

1.461000 

1.361000 

1.52000 
1.660000 
1.4850000 
2.419000 



-U 



-i>- 



^Lx L#t Jj 



J — 



Jjlj s_ 



v = 



_C : ( 3-2) ^*Jt t> (Y) 

n 



vi _ n 2 



V2 



ni 



l n 2 



_ "2 



(3-3) 





A 2 _ 



sin0 
sin# 



ri! sin § = n 2 sin 



(3-1) ^ (3-3) > ^iallb 
(3-4) 



♦ Snell's Law JLoj o^jLoj ^ ^aj U 

c^i-ft LltL!tuJ dJLtjJ^ < ^.-^il 1 J^Liil Ljloj ^iLail jL-uSljV 1 J^Ljl4 ( rrlT ^cJ Jjj-r- 4_iHstt 1 

.<jjjLua.Il CjLcLi^ ^ diJj SLa-^-^La <jSL*jj (4jIjjSL4 <^Jl 



ibt-jj* L^Ju-s i L^ILau SjJula 42^1* ^ L^j^>l_rt^ (jM-^J J-?- -Li 4Jj-C diJ!i JjLjJ a jj^jJl 

Jyj jL-uSLjI Ljjjtj cn^*- ^jaSjJt^ ,(i-T JSLii) jL-uil ^.s cLurtjl tJjjLrtj-a i^M-^i 

Jj^jJI IJUaj ^aSLUl ^laAh OJ%2 4aLtSLh ^ J51 iaklc ^Jl SaLiSJl ^ Jk,! 2^Laltt 

.(o-r 









1 




30° tag a ^j^IJj 1.5 ajl— mSjt J^l_«_a (j^Lp-j jkij (jyi-c- oJJ-^ ^L-ai— oi taJi m lit - \ 



"sin <b 
n = 



sine 
1.5 = 



"sin 30 



sine 



sine =M =0.333 

= 19° 28' .-. [41.3 
3 4 

_ ^ir-jir 3 tut i jiu£M\ j^l*^ _ 3<utt jUuS^vt (>bw til -v 
2 3 

■&=rj^ crii *ut t> i^LoJJt jLu&yi <>Ll« (0 

.«.li,t ^1 ^L^-JJl mitt jUuSLiVt (J^Lsl* (<_>) 

.^JJt ^1 cllt t> ^Lollt jL^jVt (>bw 0) « tWt 
3 



n. 



i n 2 = 



n, 



_2_ 
4_ 

3 



9_ 

8 



4 



n, 



2 n i = 



n. 



_3_ 
3_ 
2 



2 n i 



_ 8_ 
" 9 



Light Interference * ^ \ J^t JLj 



^-i-ub l^jlj L^j^ c^-u^Jt ^ Ji-lJuLII 3^LLa ILluIjjJ 4_s^_rtj Young jlIj ^La^ii (X^i 
JSLAjl 111* ^ .(W) JSLAJb ^3 ( Double Slit Experiment g^JJj ^AJl is ^=3 

Sjl^ X c^-r^* J^i) 6' c^' Monochromatic Source <^L^1 c^j-^ 5 j^a.-* 





1 



< (^ji-stlis-h Jyj (jljj^L^Jl qLLj^tl (jLIS^Jl j^luju3$ 




^ ica_4-^i£ ^-Lu ^Ul -tJ 1 ica_4-rt^J > ^-i^ 1 1 Iti^J SjrtjuJ^ . t S j 
ioiLLa j^o-l L^ilitZi iluli^J (^laLLa 3jLlC . ijj 1 all 1 ^ 1 dlml,! ^laHtl 

.(V - T) JSLfiJl ^ ^.^Interference Fringes Ji^ljJJl ^bii j_xj 
,4i^a)l ^4 cnal! ^iti ^ Ay cnliiljuU cnLdifc ^] ^nj 4.2 Lull 

Tr I 

Ay=— (3-5) 





S 2 i S 1 cnj i^Lail d 3 l-jjl^JI JLilojV Jail JjLrtl^ 

J^ldlh u_)JU4» c^-^L^i ^.J^ii* JiLiJt entail ^Il±> ^JlitL-uJ diJji 






■ ■■■Qi ■ 



cjI ^3 4 ^J 1 (j-SLi foJ 

,(uA - T ) JtAl! 

JAh ^ Atl j-aj <jL£ 

J C^-*^ C> ChLP 1 -^ ( r 2' r i) O^ 1 *-^ J 1 -^* 

ym Sib- ^ JjlrJl ^ j^jll &AS\ 



■ ■■I IIIIFI ■■■■III! 




^lJ 4j>2eJ <>2 



. (A - T JSLi) J_a_c4 I £ Ar 

Ar = d sin 

Ar = d sin = mA, 



m 



1 



sin 



e = e =^=^_ 

d R 

y = m^B_ 



^ (m+1/2) Ljl mi 4 (r 2 , r x ) Jjl-cU <Ul Jju jL^Jj 6L£ *M L- 4 ' 
2uiLAJt ^k, 4a_i^t a^l* ^iMii 4LiZ> <jLa Ar = d sin = (m+1/2)^ 



sin 



= = (m+i/2)A, = _Y_ 
d R 

y = (m+1/2) 



(tUi/U 





J 







3 




r 




4j jl& Ar = I m + — |A 

2, 




cnj i^L^uit 0.75 m i_jjL^h JLil^V Jait JSbJlj ^AJt cnj i^mi 0.00015 m 
.^jLkluJj o^ift ^Lp-V) ci^iU ^.j^il 1 JiLiJt L_t^r»-I 0.003 m jnlL-^i^ ^nLjLfc 



Ay" 



aR 



0.003 = 



0.75 x X 



X = 



0.00015 

0.00015x0.003 
0.75 

.10 



= 0.6 x 10" 6 m 



X= 10 1U x0.6x 10 ° = 6000 A° 




Light Diffraction * ^j^Jf 



UjLa^Lti LaoJ LoLa < J^b*- 4j^j^ ^-.ic o^JLh ^L?*-! c^-uis -L^2_<_uJ Ladle 

SjLlju^ —Airy Disk ^^jI ^A-mj a _ ilj-u^il iaJLJl ^ 




1 



♦ 0- Y JSLi) 7Lj-rt^> (j^^jJ » a ^laJl istla ^Uj^ LjLLa — 

LIIj L^l^ JSLa i^^j-rt!^ Ji^-ldlll ^J^i^-^j cKJ J-^-J V <G! j-?jib^jJj^3 

^^^| ^^^^J ^^^| ^^^^q 

■ II III 





dj^jj^ qsd 02d 




SjjJLua j^jLjJ! ^iajL l 
^j^-^i! 4jjL^4 J) 



T 
1 



->3 
-*4 





1 



r 




JSLlu (5 <t ljJl^ L^iiitjLi 4jLjula»4 i_jJ^) ^_A_rtJ 1 UIjJ cJaA^ j, ULojul 

U i.loJ »Aaj ^-.le <UUl J_>^J J\t^7 n< 4 ^Ju 4j JjLt- ^rtj ^JLnj 4j^L_u^j (W-Y) 

(3^1. j I ^IJjUI ^.ic 2L?-^tl jJ-ua laLdJ jojlaj S-Aj^aI 1 4jjIalU LSoIa Ajjt^J cLIiAj 2LluLlu 

^ j^L^Jl £3-^3 .Secondary Wavelets aj^jLj LjLstjj-* ^Aj j^L^_4 4jLUj 
^AJl 2uUijLlJ ^.ic SLi^s die S-luLuJI ^.ic 4jj|^L4 laiLuiJ CjbtJ^tl 

6Jl& ♦ SJuLuJl P 3^JLrt-4 4^2j ale Sjllu^I Jj_4^eJ (j Jl£. J^iaj^ JjLrtJLs 

♦ (i W-Y JSLii) 41a1^.^ 4j-l4> JSLi ^k, ^l^J Ji-t-G L^Iaj 



t 

a 

1 



1 


A 


2 






3 












4jj^>il 4l^iJj MjJL^JI q£3 






2 



* 1 


■ 




















A 











b 


-> 

■ > 




^ 




■ > 


sine = 










Limit of Resolution JJbJft ^ Sjjl^J* ^ I 

cju i^Ltail CjjUj lil q£J$ .2121 ui 4 4jj^ j^SLj jjLua-« J£ jLa £ Aperture 4j>5b i^t-La 
Sj^IjJI ji j-?-^ » Lg^lij iijJuJl L-tAj^ij^ jbjULIi cnLjL^Jl jLa < ^jj uLk_.il 
3jd21i ji < Aperture SstliJt jki ^ D .A9= — ^MjJb t^js ^kii cnLj^i 

J^LJl^ (Aperture 2l*2_-]| JjUj) ^LlujlsJi ji__ l^^^j^jIi 4)L_> diJ-J^ .^>tl 

♦ (J_-JlJ| L^-U-lAJa 3ja_Lk_Jl CtUuL-uJtJ I £gJ jjLjL^UI (jyi-^ L-J^SL-J^jSLxil 3jd5 Jv^ jljbtJ ^.^il 

L-j^-Lj^^SLiil 3J_a_4 £j__^ * J-ci ^ L_?-1_I_4 J£j (tj Jj_4--Ul! * X/ Jl>^_3L_u_> LaiS^ 





. ^yj LSlij V 1 ^J^jULf Li^^ ^yS.JUJ (Y) 

(SLuIa-4 l_jJLA) Joisl^tl ^v^AJ ^ c^liJ 1 3 JLoj ^2 4j^dJ Ji^-LJ 1 LlIuJ^ c^liJ 1 J^-ldli (t ) 

. (5 <t i_jJLfc) ^ji^-VI jois^tl ^v^AJ ^ c9-uA.fi 3jLlu ^ ^IdAJ^ 

♦ ^jIaj ^dlajua 1 til i?jL^^ c9-uA.fi Jj-rtJ (0) 



Ji! Ia-uj^ ^J 1 (^L> U 1 3!) cUlS 5_o^_u^ 4^L1^ Jyj ^.j^u^ ^LxA J^Hj Ladle 

3-ibj .(^ # J^Afl ^ U£ ^3-4iJt ^ J-aLj j ni^Ul ^LsliSJI jjU ict^fl^ ^Uj>u^ Anils' 

S_4J-5 Xj (j*J-c£ ^iLi-d jLmSljl S_2Ul£ ^-cSV 1 I^-i-u^Jl ^ la^fl nJl S-J^'j 






4j^Ij (|) c Sj^stfl Sjjljil ilLstfl £Jj4> ^ JajJLuJl 4j^Ij (jytJLujy ♦ J^a UJ! jLi-oilf Ljj 1^4 

90° ^LuJ 4xJi^ 43 US' JiVI la^jJl ^ jLa&Vl 4j^Ij L^LLZj 4xJi^ 4aLi£ joSVI li^j^fl ^ 




sin (b = n sin 90° 

1 T c 2 



sin 4> = 



n, 



= I n 2 



(3-6) 



JiV» .t^Mi^lt jUaljt n 2 .^Uji_u^ 2lsLL£ ^h-SVI i^aJi jUu.£j1 nj J^j-r- 

.i^sJl 4j^Ui (j) c .4jJi^ 2£li£ 



n, sin (b =1 

1 T c 




(3-7) 

Cj^Ij ^Ji *4J 4z>-j-2>cS 1 4j a I \J 1 4^jjL4J la-i-u^Jl jL-uSIjI l_jL_u_?- ^>SLo dJLItJb^ 



1 



2b$l>tl L_t^^li iL^jj^llI ^.Ll 1.33 3 1.6 cU^ ^L^>f* jLuSIjI >L* [jlc q\£ til - ^ 



n , = 



1 



1 sin4>, 



sin4> c = — = — = 0.625 



n 



1.6 



<\> =38° 41' . 1*1^ 






sin4>= — = — = 0.7518 



n, 



1.33 



<]) c = 48° 45' ^ 

.ait ^b-jit > 

iu sin 90° = n. sin d) 

2 1 T c 

1.33 x 1 = 1.6 sin (|> 

sin (b = 1 x 133 = 0.8313 
1.6 

(^ c = 56° 14' 



M 






\ 







Fiberoptics (Optical Fibers) (^b^-JI) 2l£^JI uaLJ'V I «Vjf 



JyJ 4jlj_2j ^i-pi C^3~ ^-^3-^* ^ ^ ^ ( V ^ -T) JSLU 1 Jois^J^ 

t UAli ^ &*L*3 uaLfif! ^ ^ ^ (Yr _ r) 

lLjl^j < cLuLj^U 4JLL5 4Jj-^ *U L^la pi^uS 




<_aLJ4 





1 



ojili ^^y' j-ili i^a ^4&j ^3 . Ultraviolet 
^^^s^^j^uj ^ (n-r jsl&) 



• LiLfel aJLfc cLiijl f*£j ji-Vl L_a 4l3Ua J-^ISLj £L*AII LLLojlSlajl 



2u>-^ jL^_4 ^-i-aj 7 , » j (90°, 45°, 45°) abl^j £L>)Ji ^ LjMj 

X\ \ju&> <180° 90° jtJL^^j 
oIjuJJ ^I^Ll^ ^3 4_i^_rt_J> cjL-u^I^JJI ^ ^j-i^ 7 < gj ^jJl Periscope L-j^SL^^-t-Jl 

.(VV-r JSLA) Binoculars 








JJL3LJ ^Sl-sil J^-Loll,! .C_J 
180 jL_ii_4 




(3l^tl 3!) ^^laJl ^Jdaij ^La-i-uJl ^IdistL-ul ^ J-u^^! \Jl$S j^AUj ^IdistL-u^ 

^JJail JlLa_uJl J-^'^Lj <j1 j^LJl ^3 . Ll£ L-ulSlajl J3_i!altl ^ ^jSju^ c9-uA.fi : V^l 

. 100% <&Li£ jJLp ^ Jill iy SU\ 
JjU LJuLrtJ V^cjjIaJI jj^iaJ <CuLLi JJn3 i <GLal j\ a, llaj li, ^jJall jtLajjJl j^sjjtL * LjIj 

Jil 6jLmSLjl J^bw) ^£bc jJ-C (5^J ^biJu <Cl4 £jieJ cJjIaJI <Cl4 Ji-Jj ^Jlll jda-aJl ij-LaitL L^iI^eJ 
.(^jLmli.Ul Jbj^i^ fjjiajJVI Jbj^is) Cjj1$±J±}\ JjU (^b^-JJl jLt-aS^I J^iLjL4 ^ 



^c^LaJl ^ I a i, L^_lj}j (jSLaJ^ (Sjlj^rtJl SJjJLlu) Slijbih ^bVI ^fl 4_2a_TUi S^lla i_ilj-aJl 




^IjJt^li! ^fl g.1 <t call jjjjIS^JLj! 






1 



^j^l jlLi^_uJ Si a ,^\lt i i^jti^it CiUL^xh 3jl>?* jiu^J Sy^-rJi Sdjjui ^lA' 1 ^ 

JwJ Ij^Ua L-ji_u^ LcLa-Ju lis_x_Zi til diJjJ . L^-L^j dili j-f^' LijJ 1 cl^tl c^ULtta 
^-LaS-o I ^7^=j j2j ^III 5 ^ iUJt ^,J> L±a_h 5 ^ iUJt <LtULu1 die £La_<iLJl 111* 0L2 MJU 2ditj 

iiJUIl! ^\^\ £*\2j$a JMi>- <JLiIjl cUj! ^laAh ^rtjl 

^III JnjJ 1 ^.Jt J^aj ^I^i ^-J 1 Luurtla 1 jL_u^j Ij-Stia < Ld£ L-uliajl ^yS-su-s ^.jjjXJ 1 ^La-Jui 1 

. *U tfJLlfc ji v^L^* (VA-T JSLi) 



^ oLs < ^>lj> (XY) 1 ^k, (ab) uJl Ji* ^-jj^j ^La_i I^lu^j Udlc 

(XZ) <L^Jl Cjr k, iaJL^j ^L?* (be) jL-uil I J-stJL* j^A-Uj Ji-b j caSlL ^LxAl\ 

.(Y<\-t) JSLiJl ^ U£(cd ) db^Vl ^ J^Vl l^jJ! 
^ ^U-^Jt L-a ^jtL diJ^M i^^oi * (XZ) ^jUJt 4^ J> dl£. ^J^VU (XY) J^t <L^3ll 

OC l_S Sj^lj C^"^ Sj^IJj ^jL_u^3 

^1 ^ uJi ij^Ju-a) enj I 3^LrJt 4j^> U> ^ :Deviation Angle j^tjVt Sj^Ij 

a 3^ ^fb llfc SJ^* ^Ljl^IJ^ I^iL^Jt 






a = «>i-ei)+ (02-^) 
a = (<>i + 02) - ( 0i + <te ) 
oL-s oU_*jLis c 3 b LfUjjtjJl 3 271 bxce ^b^Jl JSLAlt Ll^j ^_«_5e_« o'l '-V^ 

o£ <£ift ^ , 180° btjsjJt bee iUUi ^ (180° - A") e lytjJi 

01 +^) 2 = 180°-(180°-A°) = A (3 - 8) 



: q] JL?cJ (3 -8) italaij JyJ (^J^allb^ 

(3-9) 



a = (|>i + 62- A° 



. (() ] la^f? < mJI Sj^'j 

^ =0 2 =^ o 

e i=^2 =0 o 

. Jj US (3 - 9) i (3 - 8) 6l^M*Jt c^Ji 




A = 20 o 

e = A 

2 

= ^±A 



U*-«i 

a 3 




sin (b 

n = 



&3 



sin 



sin 



n = 



a + A 





'a' 




(3-10) 


"sin 









^.4 Ji^-LtJUL4 

(ab) iki* 

4jLaJLi-uVb (cd) £jLrt^ ^La-tlll X-Jz 3-4 ^ J_r^^ i JjLilJ L-uLsJl ^ f*3 < <La_cjs 3-4 

3j3_ua ^IjJL^I ^JLc 3^t^ f ill 1 S_aL^ ?r 1 Jiu-stj j-LaJJ^ 4 3! < ^jjUjJIj 

lasJl ^ £t .Sjla-udl i^Lr- Slibt* ^ (cd) Ifcai- p^jl (tu . (ab) iaSLuJl ^UAh 

. J3VI l^it) 1 3j3^> .a I dial jij 

jl (.u— 4 oj-Slx a (be) J^> f^j ilil jSjl -Y 

^1 c»3_^J» (abed) ±& ^j^-^Jt ^1 ^ *itl 

<CULSJLJ ^k, (cd) £jLr*Jl AJl ju -Y 
o^SHa (ab) iaSLuJl ^1 1 ut\\ ±\jJLa\ JjLIj 

.Cn-rjsLSi) a 



lie ^ - — ^ □ j jfic- ^ I - fa : P jLup^Jj 





i_>L^J (3 - 9)3 (3 - 8) LjubLatl 



: ^^illtjj)M<*(tt Dispersion c>iiaJl Jjj.iiJ 



sin 



n = 



oc + A 



sin 



'A* 



, mtMt o»>J! j>^it O^' 1 LfcjL^I J^Lsw) Ul^jl a^i^t JS\ 




^yj^il i ^uti ^j^Ji^ ,(jJl^! IajL-uSLjI J^Ijw) Lai ijui^l Jii o^Sj c>^Jl ijuii 



« + A 



sin 



n = 





'a' 




sin 


2 





a + A 



: O^SLi tliJi C^^-i * (J^jl jJl ^J-LdULs 4j a I \J I 5-4 



sin 



sin 



1 a o+ A 1 




• « + A 


2 1 




I 2 



'A 1 



= A 

~ 2 



(3-11) 



n = 



oco+A 



A 





a = A(n- 1) 


(3-12) 




Dispersive Power ^jii ) Jjj-ajJl 3 >a 



.4^-^1,1 L^Jljtai Lslu jl mdVt tlsM^Lst* ^( (i* 

(a ) r = A (n r - 1) 
(a )b = A (n b - 1) 



1 





(a )b- («o) r = A(n b -n r ) 



(3-13) 



(3 - 14) 

(oc )b < (oc ) r .u (a )y til^ii^^l c>u^.U j^AUl 3^U jLt&l J^Liw 



(a ) y = A (n y - 1) 



CG a = 



(a ) b -(a )r n b - n r 



(OCo)v 



n y -l 



(3 - 15) 



4j^j ^k, L-kijJo V U£ ^3 i Dispersive Power ^j^DI J^l^ 2 -^ 1 SjS 0) a ^^iilj 



ill 



JrjVISJL^I 



1 




JtLa-uJl ^-.ic la^rt i ul\ 4Li2j ^4 .^aa)^ ^S^tlij ^j^-u^Jl ^LauUl^ IaiL-uJl ^j^-u^Jl ^\jum1\ (Y) 

sin (b 
in? = — — — 

12 sine 



^1^, la^ rtnJl Si^^J ^ ^Uli 1 ^ 3-»aJ 1 3 j-mSlll \ ^.Ji^iJ 1 ^LatJUl^ I^iL-tJl ^Ji-^iJ 1 ^Ls-JuJ 1 (Y) 



I n 2 = 



. jjrti^uj^ (jKJ ^-U-uUl jLm£jVl J-^lai iSj^^ tfJ-fc^ 

n = — 

V 

n^inc]) = n 2 sin0 





Ay = — — 



n = 



1 



"sin § ( 



A = 0i + (j)2 c^Mil* j>^Ul o-b • 
^jl_?J^ I^iU-uJl inebt^lJl ^IdJLal jn_j \ S^LrJ 1 4j^t a L_a1jjtjVl 4j^>3 • 

a = ((|) 1 + 6 2 ) - A 

*l =e 2=*0 




vo 




sin 



a + A 



n = 





[ A ' 




sin 








12 





a = A (n - 1) 

(a ) b - (a )r 

♦ d 4aui^t ^rtjt 4j^>3 (OC )r < *L5j>^ ^jui^l ijiO (a )b^r^ 

(a ) b - (a ) r 



w a = 



(a X 



n y - 1 




JUtttSLUUtiYjt 

♦ til >?tjVl 4j^j " 

4i^iaJ| £^4 c^-^ (J* CtjULIU J,nl_} Jnj S-SL-uJj JnaZi (!) 

>fc J1j-u o^jLS 

ii^iail JnaL j}^J j^juuIa ^ {J3^\ 

L4 iS^U ^j^-ii! 3^5 (^) 

^^intljLIi^Vl j*Ul (V) 2U^i^ :bu!j 

: P3^J c^-u^-fl (j^SLatlj Ladle 0) 
♦ ^ISIajVI 4j$1j O- 4 ^jjr ni.tl 4j^j 0-r 1 ) 4j$1j O- 4 J^' ^ ^ ' (0 

sin (|) 

,(jL-uS1jVI Sj^'j . la f iJ 1 Sj^'j (|) lLjl?-) — : 2Lu-uUl c^-uaJl j-mSUj Ladle (Y) 

sin 6 

.(jrti^uj^Jl ^jIl^J 4IjLj ^jlC (jnl^-i-u^if 4l_sL!> 4_u_uj (i) 

^jUJl I^-i-u^Jl ^ jL-uSLjVI 4j^j l t ulJ T J ^ 1 I^-i-u^Jt ^ -t^j o^luJ\ Sj^Ij l t ulJ T 4— (V) 




vv 




ill 



.^lill I^iD ^ILili jLu£i¥l J^Lw 



sin (j) 2 
sin X 



11^2 (jf) 



n 



n. 



n. 



0) 



n, 



A 2 



sin 



n = 



oco+ A 



sin 



sin oco 
n = (!) 



"sin A 



sin 



n = 



a + A 



sin A 



n = 



. ,a +A 

sm (y) 



a = A (n + 1) = (,,.) n = A (a - 1) G-0 a = n (A - 1) 0) 

a = A (n - 1) 0) 

2 (,) y[2 (-) y (-) V3" 0) 

40° (j) 35° C*) 30° (-0 20° 0) 

: ^ <G^L4 jLmSljl J-4la-4 ^La 58.8° j^ALtl (j^ij I^La 48.2° ^L-ui! 

1.85 0) 1.82 0*-) 1.63 (v) 1-5(0 






^2"W 1-7 C*0 2(u) 1.64 0) 

3°(i) 8°(» 6°y 5°0) 

8° AjlmSj 4j$1j 4° j 1 jJLu 4Lii L-uJ* SjJi-^iJ 1 4a-ii^l L_3jJtJ ji-tlLa Y) 

1.6(j) 1.33 O) 1.4 (v) 15 CO 





SLuJt £jl jii (jaS 





: 4-4 JL2-4 



JaAj Cj^jLJJ* oi ^^jl-^ ^ oi*- 4 Jj^i-f 6' -Incompressible I^Ia-^jMJ 



^Density 2iil^t 



p = 



m 



V 



(4-1) 




^UJIJ^iJI 



.Hydrodynamics iS^Hi jSljil 4l£LuJt jSljil iujlj.* 

, ^wUiU t I ( j\jj jLM i\^ i£^\$X\ <jb^u ^r\.£.Xi £>JJ \jL4J ^ji ^JLUJ 



* Steady Flow £>L^iJf 



(^1 ^mjVQ /I Laminar Flow ^-l^aJt o^L?- 4 -^ >Lui ^ no} bb^ /I I ^ > U bb^ (J>-<-uj 
^JJt 111* J^Joi i Steady Flow j ? 7 uij\ $\ Streamline Flow c^L^h ob^-^-tl c^-*-*-^ 

l_jL._ujjV! iai- M-klJLa ljLm-4 jjst_l! ^! J-jLl^jJ 1 Jy3 3^_L_jt_u3 4 ( 4^ J£ o'b L-jLi-mjV 1 

ic^rt^ jiujjj Sju^IjI^I /! 2u JjLoxJI jLj^h-u LHSL4J ^LuVl * Streamline 

.0-0) JSLAJl ^ US iiilitt! JjLJI ^Ijj^i Cj!jLul4 jJL dJ^ < Streamlines i^L-u^Vl ^ 

j-ii L-jLt-mjVl iajiai- ^jLc -^-Lrtja .4Luilh till! die JjLuJI Jv* Sj^Jlus 2u_4-S' JSLf iJirtill 
IlI^J^ ,4^2jJ! dii! die JjboJl jb>^ icj-oj (l-jLllojVI la^Lx^- 4L_il4 4^2j die cjL?-LuJ,! 3jLj»-^j 




Streamlines . 





. Jv4 U» C:y ie J£ die JSL-uJl 4e L_aiali V Steady Flow ^l^Jl 6Llh^^ ^ -V 
.Vortex Flow lLU^ V <Gi Irrotational jl^ j±L d\^uJ\ -V 
.Nonviscous J5L-ail ^LLJ-> enj dllil^t ^ai V -t 




o- 4 0^>-d)! J^rtli 



JjLuJl L-jL-OijI iCj-LU LJ^Ij lilj 

H^KS& ^L^Jl jjLjj_ajJl J^_rt_Lj Je 
jjf^ Turbulent Flow lj ^Ljk^ jLi>^ ^! 

Ljj_rtj^ .(Y-0 JSLi) Vortices 

IziLLa ^Jl JLe lait-^ (3-4 /! ^_ca_S' 3— 
♦ JSLi) i^l^ 4^ t£jf >rtL <Gl^ Jil 



*Ujl J^LU/Vl SU^LmJ J>bj-Lall JJLJL4 



Flow Tube (jijj^u j^^Ij 

.UUj 4j>uSn JjL-uJt ^Uj - ^ 

Lt j2\ JjL-uJI i^SJ' I g ^ jla JL^i die Sj^aiSfl ^Jl Ji-dJ ^lll JjL-uJI 2Lj_o_£ -V 

.laliulij^J d-^Li JSLuJl ^jJl ^jjjJlj (jyh die L^la 

Iaj^j 5_§M-e jlj^^j^ *c> 4 >^ SLaJD die JjL-uJI (jLj^-oj 5_e^_^ j^jJlZ! V -T 

.Continuity Equation 4jj| ^^l^Vt 

die l-jLll^jVI 1^ iLii- ^le jrtj^i_^e jLIitJ i4jjlj^ajLojVl aJ^Ijloj 4j1jl} U tillj^V^ 






J^LaJ! Vj i±_* Q v = A 1 v 1 



JUbj. Q m = pQ v = 
- p Q v = p A 2 v 2 A 2 ^1 n.tj 

C^l^tl oL^-uJl i)b- lIuIj 



P A 1 V 1 =P A 2 V 2 



(5-1) 



A l V l= A 2 V 2 



v l 


A 2 


V 2 





(5-2) 



4t*-Loa^ j^J Lj-luSLc L-t-LjLlZi ^Lsi-oV 1 ^ 4l^2j j^i -Ale JjLuJI 4£,j-lu Ltt-uJ 4-2 ^la J 1 atifc J)- 4 3 

4-^- Llu-4 jiS^J Ladle 4Ji_oVt ^ JuJu-ui cI^xj l-jLoaIj JjLoJLs ;4Li2JJl dil! dLc ibj-uV 1 jLi2-4 

. (0 - JSLi) A 2 3jj.Ju^> L^_al^2-4 4-^-Lo^ La die j-x^I 4_cj_uaj l-jLloL^ * A^ 3j._i.cS 1^jlL_i_L4 



Vi 




411^ ^.jLlj jJLSl 

2UL2LJI £d__* i Am 4Jl4 3 >jjt^> 



^v 0l = ^ 



4-i J I j <W MiVl 4i^iLjL4 0jiL_til 



Am = pAV ol 
4_flLnJ,l Ax j L-^Ijj AjAxj 
At 

11a ^iu i AV ol = AjVjAt 

AV ol = ji ^1 la I 4iu;vt J_jLi j l£. JjLlJi 2l_jjj-&I ^ j_J^n ^b^* J^4? a' d ^ 

A.v.At 

4^La^j l1uL5 j!jl_U Ua^3 (kg/s) <Gd^3 Q m (jr lIS L-jLc^ajl Jjjl4 (m 3 /s) 4jjl?^ 
.2bji j^IluVI 4J^Ljl4 ^jj jaju Conservation of Mass ilSHi *L_u o^iLi ^<imij Ijla^ 





.Bernoulli's Effect 3^ Ha ^.^j 



\ 





4ji— 5 < f SJJLfc 2lSL mi Circulatory System ^Lt^iJJ* 

^ fjJl l-lLHI JL^iJ^ .(A-0 JSLoj) J_h nJl ^Jl d±j^\$ C^\jJlJ\ JjU i2Liilict I 

iijj j_h ^ 70 Jaa-4J 8.33xl0~ 5 m 3 /s ^ jJl 5 jl^j *J| ai* 

jLj ^ Jilt 3 Aorta ^ ^jJ\ ^jj l-jL^-^j^ ♦ djljil i^L^JJl £4 (2l1j_5jJ| 

j iaAIJ J£ Lla-^ ^ .(dLuuilj L_t^-^0 26.5 cm/s fjtfl 2lc ^ jlsbj UjLs 2cm a ^taS 
.(siiL ^H-Ji oi^i liUS) 0.25 m 2 ^L-uj 4*^1^.4 l^aLaiL* 2l^L-u^ q\s Capillaries 




\ 



i (5-1) 4jj\j^Llm^\ itaLsw ^ ,J2j cnjIj-AJl JaS oLi CiMJajJl Contract 

Relax ia^-xli LadLc ^^aJlj .dLfi i^e-jJu ^jb^JLfi ^3 -AjJo ul -LsV fjJl 5_c j^oj 

all (tiSjrtJLfi ^JLJb J2j3 i Hardening of the Arteries crul j^SJl ^Lu^J ^^uj 

4iL j^- C^tj til <GI VI ilaJbsUi Jvo ^ jtfi iJLojV i^-al m-^lA* ji-b 3^Lc^ .Angina 
jlcL-uj Platelettes gjl a uaJl fjJt Cili^SU ^3-*.^ Jl^>*3 c^! ^i-^ 



laiuij J^-^i .t-tidJl J-oC S-cM-oj cH-i^ J^L-i-j aJ 1 ^ j> ji 1 laiuij o*Ljj& 

4^ Cuff I^bj o^Ij JSLi) jJU^jUi gj^it ^ Sphygmomanometer ^jJl 

jlAU Hand Pump 4j^jj io-olL ^jlJ* 7 mm -m-^lA* t 1 ^ Jj-^ Air Bag 
^j 1 i^i 1 ^ IaA-laJI ^IJj . ^JLuj ^LcijLc ^ijJtjLojb ^y^SLI 1 ^ I^juI^JI ^Lij^ .^j-SJl 

icU-oj ^jJtJLuij^ .Brachial Artery j-l^jJi ob^Afl ^ Lli^J ^aJl ob>-aj L^i^Jb ^L?- 
^jSLh laijua m-^-^j (j£ 61^1^* iLliJL 3ii Cjy Lc JVjCLojMi Stethoscope 





bjia-^— 4 bb 



M ( j f> >i n< j Turbulent Flow 

i Systolic Pressure ^^LJijVI iai-uaJi 0<l no 
* 120mmHg ^JLuJl oL_^j)fl ^ 

^tal o^-bVl la s^uaJl) t_t LIU la-i—iij 

^SLh ^ lai l^lJ» j-4 (Diastolic Pressure 

SaklslS q\£ <80mmHg iai-uall tdA i^i^ .Rest (Relaxation) *LJ^ jJLml 
L-tj-^j dia .Hypertension LLJl_l_> ^jbu ^j^tl q\± 150mmHg ^^L2jVI 

.Stroke 2b£UdjM aSLuJl ^ 2^ <-&?Lh^ jH* l^jl^ diJi 

fjuM iai^i Ll Laj) i^M-c diJi jLi 90mmHg ^1 uVl iaij^h ^ij lii Ui 

^ L_ti5Jl ^iz, LLuc J-U^ <Gli L_JLih ^ UlI! ^ lluj iaAjIaJl £^ gjjJl I ja^ , jijjii 




Pumps ljLjk^X! 

J^Jjlc U *LjI ^ ^I^Jl 1**^ Jili Vacuum Pump ^I^Jl 
4_a_alJLh .Oil Seal /I O-ring 2u.LLLa.4 4 

i jJJl *LU JLc bAjUu laA-uaH Force Pump 

jl *» Jl <^Jl Piston QiuSLIi i£l j^tJu Reciprocating Pump 
!>UjA i In take valve Jji-jJl fU^> j-Iajla *0 ♦ -0 JSLi) 

.0 \ -0 JSLi) dili VH4 L_d^l jolsu^ c^l J^^* i' (Outlet Valve 

^3 ; Y-0 JSLi) Circulating Pump Sj^jJI CiL^m c^-^ ^L^-^i' 

gjliJi ^Jj <tlj^ll 3! JjLuJI ^ jKT^ ( Blades J"^* Ji^ (Centrifugal Pump S^jlL 

.Vacuum Cleaner iu^jSLli UmlSkli dJJi 





\ 



jtas tl^ij ftu i 0.1 m/s L^j cUt oL^m- ^ ^G^ 4 2 cm jL^k cL^ 4j3-ui Ji-aj - \ 

X L-JULU^\ 1 cm 

(1000 kg/m 3 = »Ui 4aL& cJK lil) 



Ai v 1= A 2 v 2 o'l 0) 



7U (0.01m) 2 (0.1 m/s) = 7t (0.005m) 2 v ? 



V 2 = 



7t x HTxO.l 
7C x 2.5 x 10" 5 



= 0.4m/s 



Q v = Ai Vtfl A 2 v 2 
= 71 x 10" 4 x 0.1 /1 71 x 2.5 x 10" 5 x 0.4 

= 3.14 x 10" 5 m 3 /s 

V ol = (^ x 60 = 3.14 x 10 5 x 60 = 188.4 x 10" 5 m 3 /min 

(1000 kg/m 3 = «.U,t 4jLulLt 2iLSLh Ja** 
PQv = PA lV , = pA 2 v 2 

= 3.14 x 10" 5 x 10 3 = 3.14 x 10" 2 kg/s 

m'= 3.14 x 10" 5 x 10 3 x 60 = 1.884 kg/min 

0.7 Cm = a^Lai cJau^J jJLs j^iit_jJ ^laj^l ^ ^-J 1 ^JUl 4Li_^ i-Ii* 5-Cj-<-uJl O^J - Y 
L^ia J^^ai L_a^aj) iflj|j.<lll JyJ ^JLc fjJl ^laj^l ^3 i0.33 ITl/s 

♦ ?>jJ\ iiL j^uj L_t^^U 30 Sj-^ujJ jil cnjt jyiJi (0.35 cm 



2 „2 



Aj = 71 r , =71 (0.007) m ^ a^u^ 

A = 71 r 2 X 30 cn5Mi]1 i^-u^h ^I^jSJI jI^JLa 5_r^L_u^ 



= 71 (0.0035) 2 x 30 m 2 



A l V l = A 2 V 2 

71 (0.007) 2 (0.33) = 71 (0.0035) 2 (30) v 2 

4 x 0.33 =0 Q44 ^ 
2 30 

,»jJl 4c jjj, <jj£i (jJQJb^ ( 0.044 m/s ^LuJ jjim m ^Jt cfjjl ^ fjdl it ^ o'l l?'* 

ifta- in ^Vl (^jLc. J^L-H iU-e lj^lJL?- £j-L) l? 1 - 1 -^ j-*^' •* LjL: r ^j-Jr*-" 3 ^Jj-a^Jt >— >1j <_» Mitt ^ 



Viscosity ^ ) 



: I_4-a Sj^JJLh tiJlj.il J^SL^j 

3jLt_3U 3! . Ju^-<-uJ-L^J 1 L_jL_<_uj! ic^jj Jy3 J-J-^ J^-SfcSLIl l_jL-<-ujI 4ji J-SeJ 

Jyj J£ l^-Mi^ JjLl^JI ^.4 ^ Llu, J 1 ^JtJ * J^— lu) ^ Llu J 1 q^Sj cnlSLmJl 




cUt 4S^-T- j^L-ui! lH^*- ^^Ti 3^Ju2J ^L-uJ 1 ^} -Aaj LJai^I! J-*-uail 4S^-T- 
L_j^i ^.Ir- ^bLLI 1 a . cLtb <Lufca^ l-j^ ^Ir- jLitl I . JnLiLa Jnlj ^jjLit^ b3-U - V 

^^Ij^ . jb_kt * ^li ^J! J^aU 3^SLh <lijJbLuj ^ J^jU 1 L_b L2j! icLoj SI^-ojI^j C#*^3 . cLL 1 ^ 

. L^J cUt 4^^12.4 ^ j!j2-4J 3^>SLh 4$\^- 
: ^Jb La Q^^Xb^uLM \ J)SL^j j^j-t-d L<l*3 j 

♦ 3jOJLu£> 4_?* A \J tljli C^-^i 3jOJLu£> L^jlS ^J_U^tJ 1 

^ ^ : U ,(1-0 JSLi) V 4_c^uj dJf ^--Ij^ j^^t 
tiijjtJLil riH ^^Mil JjU-uJI 3 iU d)^_r^Jb L*Lu \*&Lm J^L-uJl ^^Mil JjL-uJI 





(b) 





♦ ^^LJl ^^H-y o^-^ J^bjJJ 2r? iWl iiJ^5&Zi i-luJ 1 

ob^Jt /» Laminar Flow ^^nlai* uW>^* oL*>uJl o- 4 ^ er*-*-^J iLa^Lu 
cnj tiilSa^l ^3^3 ^ L_t^uli ^III ij^LftJl dili ^ S_>aU_h a .Viscous Flow 



A JLN—rt—Ii 1 riLJt (_u-4 a v cuJ 1 ^4 J£ Lj^j^Ls L-t-i-uLLI! 3^ *>Il±> . F 3^—5 ^3-^3 

r Av 




(5-3) 



Fd 



vs Av Av/d 



(5-4) 



: ^.L L^i^Jlfl LJaj^ai! ii^ljJ 1 *>Il±> ^ l^^}3 

. i^L-ui 1 3jl?-3 L^g.u.j Sj^^ail 2^L-uil JjL-uJI Jyj £%u2.t1a ltjj Ac^-uJ 1 3-Lr^ ^ ic^-uJ 1 

N s/m 2 3! kg/ms <0j^^ 




: ^.Jj ftt^r- niTtl 5 tlgf lLjL?- j^"^ JltS ^ ^.4 SjlJJaIJ CJ^H tltJjJj ^jLSfc-iiuJ ^-.JLuJ 

l_jL_u1j L-4 (jicj^ui <GLa 3^ 1 ^^J 1 Sj^JJJl Jjli .al^i! ^-4 ^3 c ^ cU 1 il^jLstJLJ 

JyJ ,Lq-LmI 1 A 4J^| <Ltj_U ^jit ^.ISJ* JJt-LtJl <jL9 L^lCj-i-u 3jLl-uJl jJ-U 1-4 JLlC 

V c> i^i* 2l4^LS-4 3 j Li-mi 1 2lc^uj ^bjj L^dlc^ . 4i!>L?- S^j-tJU ^ Lujlj*-VI 

[^Icj^u Jyj art! I ^Jl 3 j Lc-lu, J 1 djli LrtL diJji^ l j£jX\ jlt^I J^l 4^^J| 3-iLjj ^4 

jJl L-l-U^J Si^J-ty ^Lul) 

L^i-^ Jlj^lLs ^oLli L^jLa JjL-u ^ Lu-uij 3j ^ , u jlc<G! ^^iail Jya 

a U ^^-^ JjL<-uJt Jn_jA L^Ijj t£llSLLr*-^f ^ 3i_5 ^ ^i^^ L^J JjL-uJI 3ii ^ JA-mSf L^ji 

, L^Lai ( rn^j 3^L3j -it-i>! 5j-jL^j 4^^vj_uj tii^jtZ! L^j! ^-^3 ii^irt^ t-jL^rtj^ ,JjL-uJI 

JSI^jJ diJ^Ls a . l^u-iu^j ^LS^ ^-J 1 ^ 4Ju-^, Jj?-Ij L_tLaJl ^ diJ!i ^1 JLs&Ljj 1 o^-^i 

4jLu->V> SiLr- ^ .JUL* Jj-x_^j ^.Ia^ . V f\ LjLa^Ia ^jJl CjI ^L? til jjl-4 L-t-j-iail 




Syphon £>j4jLiJI 3 j^U£ 

5 ^icV J^Lu/ JLjuaJ t>*** J A 

ij-ajij JjLuJ! JAJjJ JjL^ ^ J>^a-4 



^ Jj^JlJI dxkij.^ laiLilil ixtall^il ^(jJtlLub 
gjlstll lax^j (tu .(cna^ ^LijJ^) iutaltali 

* Syphon ojJljL-oJI Sj^Uall 

ejLj-rt£ LIijj L^u^-atJ JLlLjlS iL_jiL^-Ii JjLaJl cjIIj}-?- otj LAja_<-aiLi J^SLaJa 

| ft lLLIj^ J^aj Cu_^ Surface Tension (J ^uuJ\ j *itl U^jI Jj1_^-uJ1 

lajL-u^Jl 0>- 9 (jI (jSLo J c 1 ^ gt> g-j-Sl 3 S-J^LiJ jj^-^-S ^3 

aAJ JjLu-h c^Lp- iCapillarity ^ *J| 2L^>Li- L^j» JjI^JI a^i *63*i^* ^ 

cliO cIjJlH j^I^j lLLU! ^xLlIluj J^j-rtj iCapillaries 4j^_s_jJt i^c^t ^ clit lLLJJ! 

. 4j ^1 jJ 1 <j^Ji^ Lr^i J-^^i ij^U 1 QoJik^ Lie Jv^J <Ll3 





x JLu^LojVI (A^L^Ij ^JjbuUl : Vjl • 

.UUj 4^&H JjLcuJt %u (!) 
^Hl JjL-uJ 1 S^SJ 4j^L_u^3 L^Ja^ia -lie 4j^j^I Ji^-Jb ^Ilt JjL-uJI Sj^^ (^-0 

J j L-uJ 1 tljLSala tiJlSo-^-l 3! S^ULa ^3^3 ^ f ^ 1 1 -mZi ^III Lit) 1 : a UJ 1 • 

^ <5>9 L^lg- JU-aJ ejL?-L-uil 3 J_r- a ^.ic dj$$X\ m 1 S^JLII : 4__^- a UJ 1 J^La-a • 
3jL^ ,3jr*-^Jl L^Lo 4J-*J 4-3J 1 S-SL-uij JjL-uJI JyJ Jnl^xLs (jKJ 3 J-T^aJ 1 ajlJLLa 

kgm'V 1 Sj^^UJt 

Q = Av Jv^y* 3j^3 ^ A ir-L^uit J Mi- v 4e jjujj i_jL^m JjLJl • 

A ] V 1 = A 2 V 2 : 4jj| j^LuVt itaLw • 

Fd 

T] = .i3M*ll LnaL (?7 ) j5U 4j>aUJ> J^Lsw • 

vs ^Av ^ 



4j£AJ^ *La2>3 5_r^L_u^3 ^4 Llj_uS.^ 



olll! 4j£ajS^ ^ 4La2j ale J-jL-uJ 1 ic^jj ^1 lIuj! - ^ 

.2fca£J| dULs ale 
.4_> a U_h S^fclla r t - Y 
♦ Sj^JJLh Sj-ud Lit) ^Ll ^ mI^U 1 ^v^aj - Y 

-t 0.002 m 3 /s CuIj Jjul-w JuJLal ib^ui ^ t£>u«j - \ 

1 Cm l^aka-i* 2l^L^^ oLS' 

til I g 7fra-a ^Lai L_t^-^l 3 m/s 2lc j-^j 1.2 cm J^s ialtaJj ^ ^-ui JM_?- cU> ^ - Y 
(0.4 cm) 27 m/s 1^1* c Uj £i>>- cJiS 

^ai ( rn^J <jL£ I^La 0.1mm L^la J£^La_S ( rn^J 80 ^Jl l^jlAJlj ^jjj ^Lj^_lu - Y 

J£ ^ ^ jdl 2lc j^lu L_t^_^l 0.044 m/s <u fall 6W>-^ S-c^-^i 0.035 cm ^U^JiJs 
(0.0067 m/s) 4j^4^ Sj^jui 

^L-ui! B jj^-^-i 4La2j ale 3 10 cm 2 ^L-ui! A JJLa 4La2j ale 4j3-p! jLaJLa 2l?-L-u-4 - 1 
(60 m/s) B ale 4lc ^ 12 m/s ^Luu A ale *Ltl 4e ^ lila 2 cm 2 

cUt LltjLS^ i 4 x 1 4 m 2 j^ f| (3jLLa.II Ji^-aj 4^3-0! ? 4 4_?^L_u-4 -0 

2 x 1 4 m 2 SjL^Ut 1 j^a-li Jiu-r^j 4j3_l&1 aa^ ^j^j Laaie 2 m/s 

(4 m/s) .joLsit ^ILaJl ^ cUt l-jI j. r»il 



(20 m/s) 




t 






Jy* Sj.4-Lt.tju4 4A-J 1 J ^ 




^LiS-i LjJLjj-^J l-J^-SLlu jjjSjLt 1 4t~\ im\$1 4-3L-4— gj ^ 1 J-d < 4 UL>0 ^ til 

< Vt/hT^I ^ J/! (^jllLSLujI CjLo (uJLc) Brown ojijj oL£ iiLu^l^-Jl iL^rJb cajju 



ij^j^SLtl ^US-i £4 fdLa^iJ b*£ i ^aa-ch L^.J-UU £4 ^, ^ t^j dili l^I^r* ^bjj^ » 4Jlj \ ^jlLc.- 






(r-i) jLi 



2LjlJI oliLil :j>j juJay 





. ^,LL_uJ 1 jLcitl I c >l^U 4jIIj3^- ^^oZj ^jJt fjij^aSfl JUj^K 4jIIj3^" 



^ 4_§Mji_h 4_^>J -J V7 ml I 4 



B 



B 




^-4 



B 




♦(Jaw 

jLJJl la * ^ ^ 4_^!M jJi -T 

^g^^ jIc <Gy j—?>- 4_?-j^3 




4-^J-^ die 4tajt-ci ^ jLc. jljJLa <jJlJ 4-§^a-h 

O- 4 (B) ^£>^ 4jj_uL (A) 4j^_o^I 7i . ^Lc* ^ L^_rtJjjJ 1 JLU 4j^i2-4 4_*^L^— m 

4j^Ji J^J^ 4Juls! 3jLcL§ ^liw o-^J (AJL§ J-4-?tJ^ 

J^ta 4bL§ (B) 4j^»o^^ . LaLCi Lj-^j (*jULh Jjlt* L^jlL^Ijj 3^?t-4 

^1^- mi ^ Cjt^ (B) Aj^—lj^ 1 dLi^^cJ £4 (A) 4J9_LJ^n j^-u-ua £Liiu - ^ 

jsLii) 1^^114 jic (a) 4j^l&h ^ 1 " j-u^ij 

^LlJLui ^ (V j)l O^SjJ^ (jj^-LTtl \ f^5t?" ^jJlJ^ (A) 4j£JJ^n J^-clu3 (jjlitJ -V 

vJ-^iJ 1 -^ Sta-ujt^J ^Cjlaj ^JJl P a CmHg ^;j^ti U^.Utl ^L-oJ Pj j^SjJ^ 

^ cjt^^ m< ^UljjVI tHH^i < (^01)2 cH'i—H^ * *l>-£Jl f*?-^ 

JSLlu) P 2 = P a + h (jj^xrtt I sJ^-h l^Jui o^SLj jIc^ .h jjSjJ^ ^^jlL^-o^I 

. AlisJiSLJ 1 Qj^iuJ P3 , (V Q j)3 ^vAjlj^ jTji^i 4 i-m Uu4 4^ Llu-4 
Jil (B) 4j^_lj^> ^ (3H>^ ^ni ^ 1 uaJ (^Lr- Jh <u\ ^Jl (B) 4j^_o^i dlj^tJ -0 

^ ijr ^Lu JJJ ^UGjV I ^ h cjl^ i P 4 = P a -h^P 4 4aJL-^^ (V ol ) 4 £jSjJ^ 

. iiiiJiSLf 1 ^iilj P , (V i)<- ^-^3 i£j^~^ 4aL-iJL4 




p 



. const . ^ 

•Ol V ol = « 



V, 



1 



ol 



oc 



: O^SLj 4S^aJl £Jj4> Jv4 J 



P V ol = const 



(6-1) 



IjIjlL<j jLc. ^V<j 4j4-3l^5 4Jl»SJ PV q | i-j^jIaJl Jj^sLs*- Jj^SL) Sjlj^th 



— £ 



CO. 



5 4idi^4 





.(0 - 1) JSLlu ^ L^l? cL^ 4j L^-fcj^iJ (*j 

i^Ill jIjlJl-4 li^V^ ^yi>- LluJ 1 ell, 1 ^ ^Liii ^^-rtl 1 ^Jl ( k^al -V 

(ot v ) 



1 



^^h^j <(iV"l) JSLAJb ^VlU 1 Jjbii 



(jijlj-^t-^ JUd^tJ L^MJJt >1-4_3J i^L?-jJt 




, jLxiii 1 ^uLkll* Aj^j^i 

J^ts (jjLdJ^ < 100 C I c 1 ^] 1 Sj 1 ^- 4-?^j^ ^Ir^ 4-lj-uUu4 3ju jitaJoVl 



( V ol)lOO°C-( V ol)o°C 

av= (V ol )o- c X100°C 



(6 -2) 





273 ~ Y 



die ^Lu^^ 1 l^rt?- ^ 273 j'-^V J Li- 4Jl*£ -it-Or! laJuliJl 



- 1) JSLlu ^ Aijoi.LS' (B) i (A) j\ni iti clili 4j>pS 1^1* JLitli 3^1 JL-oJ Uh 4 Urvb-j 
^ ^^stll ^l^il iiiui dltol *(Y) < (X) ^LlC JL^Ijj tfjitttc (B) i(A) 

• (IV - "I JSLi) C (jS^Il^ ^I^Jl ^jl>^ ^TJ-* oi*^ laJuliiJ b^L-iJL4 




(X) 2uii*ll c^l (A) 2u*All ^ (^ujil jL-ui ^Ir- £44) I 4-^ t^J-^aJ "V 

.(tj C) ^ <U^-r* ^ C) ^ ^Ji^' ' ^34^\ J3 ]u - U -^. (jr^ 

.(^V-i JSLi) h (cm Hg) ^Loj jIj^ t 2 °C ^Ji t^C 

: ^Jb U JjuIj UbLa jldiLtl 
♦ Sjl^rtJl ^UjjIj .^y>J jLfl^l f*?^* ^J-H -LciZ. - ^ 

. i-j^L-uJU jj^Li^j L^jjI^?- 4-?^j^ 

o°c 



tCj ij US I j^aJ^ . (At°C) ^ ^LijjVt £A dll dS^ ( (P °c ) 0°C 2b-J-J 

AP oc P ° c At °C 
AP = p P P " c At°C 



AP 



P o c ;At°C 



(3-6) 




r 





J^i-Ij^ .S 1 ^^ 4j^>Ij ^S3j3 4Juiai 3jlcL§ ^Jji, Lfcj^Jb 4_La-4 4_^^J 

w ^ L4 I c^j 4a-lu_L^ 4j^-ljLj laiiajj 4j^-o! * » (B) 4JjjluJ| 4j£^&I 

i^^lll ^^Ll Ji^l ^1 $\ (^Lci ^1 (C) a Jj-^i .(C) 4jj_a&I 





^L?- (C) j^il— rtl 1 ^JJl <^a ULoj ^L* <b <jjL£ ^a (A) ^ojJLmtJ ^.g-au -T 

.(X) a1ajl4 2u>Lc olj ^^iJ 1 ^ A&X^iu jiLijJ 

^1 jJj-^I ^ (5^Jjit jJlJjJ er^- cjt^* cjt^! (C) ^JLiJl £>-iJ* dl^rtj -0 

^^-Jtll iiiuliJl ^L-oJ ^j^^ i(P) jjSjJ^ yjj-j-?tl I ^* us ^JLrtJ diJi .(h) 

.(h) £Lijj¥l ^a laLiA* (cm Hg) 

(3-p3it glzuLM J-iLijJ Cjr^" o^J ( C ) ^JJl ^b-5tJ (AJ < 90C° o-^^- Cjt^J ^jL?- 5 *" 

. 4Jbtl i aJLfc ^a (jj^-LTtl I c^J 1 loaui? L_u-aJtJ diJi <j-4 J .^Ju^ii-h ^a ^-HjJ 1 <u 

<^a S^LiJjJ 1 J-4La-4 L_u-iJL-?tJ (QJ £ (V ^ " m ^ iii- 4-§!iljJl 4j! JLseJ I ^lil. 




1 




273 



1 



273 



cjLj-j^ jLiJij tfGl JL5eJ tfLL^I 7 mi! f*Urt 7 nit, I laitll IJLfc JL^J . (A - ~ ) JSLloJI 

.(-273°C)jl^5j^i 




450 400 350 MM 250 200 150 100 50 



50 100 15(1 2\m 



ttC t 2 C 





djL& jii^j^ ^j^t j'-^t ^lh?^ l^jlIc ul^^- ?lj lzlHj 4jLs_LujVi ji^j 

(-273°C) jl^ >^fi ^ 




-273°C 

JvAiS^ ^LuL^ Sjlj^l .^ULtJ jUJ 1 laJt ^ ^ f*?-^" L^-Llc ^JaJu Sjlj^ll 




Jbj— lIII ^4 4jba jiljJl <P— iUti^ V i — |*5ft_5tJl oba ^ j * 

dili ^ CiljbJ^It Cry? iS3^^ DJUaI bb! ii^-^iAjj * jlt^ t,l ^it-uaJ 1 4-?-j^ die 4laJtua ^ 

P* Vol 




OK 




0°KJ,IZ5 (-273°C) 
273°KJ^L> 0°C 
373°K JjIZS 100°C 
T(°K) = 273 + t(°C) (6 - 5) ,<yi 



Jy5 . JjLui (jjjLil (Jj-* - ' ^*jLua (jyi^- Jj'^^-^l (A - V) JSLuJb 4jLaIiuVl JjSLdJ- ^ 

.ills- ADE i ABC oilim 4jL<U 

BC = (Vol)! 
DE = (V ol ) 2 



AC = T] 

AE = To 



Vol - T 

oj 
T 



Ygj = const 



• (Vol)i 


(V i) 2 


Ti 


T 2 



(6-6) 



*-4 b^jla Ll_ujUj jLc. 41lji-4 f^?-^ LJJcJ t*\4 ,U tl d^-O JLlC 

^Jj~ J^_u^._rtl 1 (^jlJlLlU 4jLAj 4ib>t3 c^-^i * ~*0 JSLAJb ^La-LujVb^- V 



Pi 


P 2 






P 


= const 


T 




P 


oc T 



(6-7) 



.laAuail o^iLiJ ^£>M iaJLu^ aJLfc^ .(^Ai^^JjJb 



(V i) 2 " T 2 
500 273 + 10 



( v ol)2 273 + 293 

, 500x566 i Ann 3 1 r* 
( v ol) 2 = — — — = 1000 cm J = 1 liter 

Zo5 

£4 130°C die >&2laj^ U-2 59.8cmHg 26°C ^ jLc .u;^ q\s lij -T 
Pi T, 

p^ = 7 F ,J — ^ 

59.8 273 + 26 



P 2 273 + 130 



_ 59.8x403 onA __ 

P 9 = = 80.6 cmHg 

2 299 

ojJlS l_4_ss_r>- 60cmHg U» ,^ titsejjj 27°C ^ JiAj jLc. ^ jIjJL* -t 

s(S.T.P)3jl > rJl laAuaJl Jja^ jlc <U=eJ> 09SL1 ^ 380 CHI 3 

«J *tM 

273 °K 0°C Sj| js- ^76 cmHg 1&aJ> 4jl oLLjw (S.T.P) 
Pi(VoiV_ P 2 (V i) 2 



T l ; T 2 

60X380 76x(V i) 2 



300 273 

n , 60X380X273 ™ 3 
(V ol ) 2 = = 273 cm 

012 76X 300 




tfLik. ji^Jl uaJl o^SLj jIc 15 liters <U-?t> <34^J>H^ jLc ^ jlaJL* -0 
4jlLl ji^h .tW^ll o^SLj Ladle 10 liters <Uj^-t- ^^jL^ni^ft jLc ^ jIjlL*^ 12 cmHg 
^UjS 4LIj ^LsJ* SjI j^- i^jP lila i 5 liters 4l*iu JiL* ^UJ ^ ljui> ^ 50cmHg 



5 liters ^U^l 4a-uj iiiit^ a*j Jjl^Ij ^LLh ^ J£ 



12x 15 = P 1 x5 



P 1= 36 cmHg 
PV„i = P 2 (V ,) 2 



P =1^ = 100 cmHg 



t^*'^ 4jLa L^l jjJJuJjtll jjjlajLtlaJl £^*Jt4 ^L-oJ jj^jLc lajiit* .t^i.A q\ L^j^ 



p = p x + p 2 = 36 + 100 = 136 cm Hg 



t 2LlwLuVI (tu^mij l-L^LslUI- \ 

27 3 

IlJLi*-! jLc Oi"*- 4 J 1 -^- 4 I^-ua Cj^-O jic : (^^j-) laiuliJl p^jUS • 



273 



1 



273 



273 L^J) laU^ 





.Sjl^aJl 4rvj.i cj^aj -Lie PV j = const Jj^j o^l3 • 



V I 

iiiuliJl Cj^o jlIc — — = const JjL^ 6>jL§ 



p 

lL^o jIc — = const ^^i-uiJl • 



T, T 2 

P V 

— 2l = const "'^ 
T 

.laiuliJl lL^o jIc Sjl^rJl ^TJ-* -^Ls-OW -*L>-01 J^l** 

(V iVc-(VolVc , , ^ 
av " (VoiWxAt-c 



P^-P^ 1 



.^L^lL (^) .ILtfJ^j (^) 

^rtrt! I 

^ijM 1 

tfU^t?- 

*♦ ♦ ♦ ? *♦ 

: CjT ll ^UjS 5jU uJ\ jllal SjL^" ^j-* ^bj - ^ 

jilaVl Ji-b sil^^Jl lajui S^bj 
jikVl Ji-b ^^.h (^«- 3^bj (V 

Sstjptjua (Y ^ ) 2i?tJL5t^ (Y < Y i\ ) CO 

45tl5tu3 (Y) (^) 4rtirt-u^> (Y ^ ) (_?-) 

. L-JjJlJ jj^UoJ Sjlj^l CjLj-jJJ (^yii^^UuL* qLluJ^\ f*-"^ ^jO^" 4-?-j^ -Y 

37°K M 0° K (I) 

373°K fc) 100 °K (^) 

310°K U) 




r 




die 4r^j^ UlloSLc (I) 

t^Jj lIuIj lIl^cJ jliJl j^JL^LoJ (tu til L.kcl 1^ 7 J 10 C die jLkll loauia - & 

80°C M 20°C(i) 
293°C 160°C (^) 

410°C U) 

jj-^—rtl lI^jIj <4jJ^ die jUth .foi ^LrtjV ^LdJjla < kua -V 





5 jJvAJU t kx£ -0 

. l_Lui Lij c^jLiiJ f\jtl\ o^iLiJl la-uluJ -V 

293°C laJt rMi lIljIj ^^tj-* ^-s-^j 10°C ^ ji_c ^>_J - > 

(2 Liter) .<w«* jl^jiU 

(-91°C) ^<^0°C 

0°C diiL c^_h laiui o^j ^ 40cmHg 

(60 cm Hg) 

84 cmHg u c< ^ 91°C ^ a J ; «sj ^ ^n.^ft 4 2u -t 

76 cm Hg la c^*^ 0°C ^ U-*-^- ^ 760 cm 3 
(630 cm 3 ) (S.T.P 3ji >sJi ^jaj I-lL^Ji Ja^ ^) 

(25%) 5 <b \±5&-$a o\£ U fj\ frl^Jl 

(-3°C) tfGjt^-r- lIoL?^ ^ 1.5 Atm^U* <b 5j| \ ,„ jiki -0 

qIsjji* 51 C ^J-J-i J-^4>> LadLc jLLa^l (jyh ^ auia L-U-iJU?"! 

(1.8 Atm) 

28 cm 3 cU ^lLu^ lIl^cj 10.13m ^ A^ULa -\ 

j ; " g l) 27 C ^rU ,,.tl jlIc 5jIj_sJ| 4_*-jJ^ 7 C 4_Jl j I Mill j.^-all JLlC 

1.013 x 10 5 N/m 2 ^>jJi M rMtj 10ms" 2 jSri 4-^u*Ji 4i*_t 

.(1000kg/m 3 ftUi SiiiiSj 

(60 cm 3 ) 




cjl^L-oll js-tSU I^Lij t -L?- Aiij-jLui jUJl cjIIj3^" Cry? 1 di^L^U 1 - T 

<j! ^ i > jJiu^ CjLL3^tiJ j-ci ^Jl <jLa ^\H\j$ . LgJU^J jjSL^j ^5 £y» 3 < l^ly Lilt 

*{£j~s? ^1jL£ ^Jji, L_k5^_b V (^tl 1 jLlu.1J U / 7 a) ^j>-T c^c}-?- ^L^aJcJl l£>-?^ 1 

L-S^ u^-} cjLIjJjtll ^JLaJl QjiiLJ ^lil, j;^_LrtJ S.T.P uSaijia ^ L#*-4 L-t i-luJ 1 

< fi t Ml 4 

kalll J-l5 4Lb Jtili jbJl cjlljjjt! 4^?t!l 





^CjLLjjtJl /( CjIjjJI Ijl?- ^JLc (>Lc 3^L4 ^1 (3-4 SJtilitl \ CjL-oSLh ^j_L?cj 

/! CjIj^JI ^ Jul (jlitlt JyJ lcm 3 MJU) I JLr- Sjjjlu^ 3^U,t (3-4 SijJs-Ut 4i^SUt l!<jI£ L*^4^ 

3jj— tSLh ^IjlcVI ^^1-^ Jvi- v >_j-L_3L_Lh <jl L-ij-ull-Ll £^4 diJjJ ,MjLa o^SLj L^j lLLLj)^! 
. ^tj^tJt /i J^-lL? L^-jAiL ^iLU S^jLrt^ Sjl?-^) 4j^-ua14 S^Uii Ai^SLtl CjUj^jJI CjIj jdJ 
/! cjljiMl ^ ^JLc ^Ll 3^1_4 ,3-4 JL?-I^Jl J^-4 ^IjjJl _ji J^il j^jJLrtj J! ^Ll j^j 1 JL§^ 

.j^SUi ^-4 12 gram ^ S^^^it CjIj^JI b^Lu.4 CjIL^jJI 

3ji 6.023xl0 23 ^^Im o^JSJ\ ^ 12 gram q\ 4A*jti\ l_jjL^U> cJuj JLi^ 

• Avogadro 

J^ilt 1 4i-mL^' lL> j_r^^J> (j-^is S^U, 1 4j r ^_S' ^ LuiJ 4_u_<j L_ij i 3jl?-^£ J^il Ji--^ 3 

^^-LrtJ Jlu-rt-j > ^L^-j-j-u-rtl 1 (3-4 j-4^?cj ^jl 4 a l &~Ts Jj-t 1 * <j1 ip^jjSUl 

^Ll ^^IrtJ *Ul (3-4 J>ll_j < -4-^ Sji 6.023xl0 23 (^liL ^c^lrtj JbJLrJl ^ J^it <jl 

.IjS^ i*U ^ 6.023xl0 23 

ibj^U 1 4-LISLf 1 b^JLc ^jL-uj S^L4 (3-4 ju^-i^ll J^il AtL^oL^ 4-4 Lc 4 h 
12gram Jy* JUL I Ju-m ^ia^ .CjUl^rJb L^lc ^a-4 3^Ut ^J^i 4j-li>rtl 1 

1 8gram cU> J^4 32gram cn^-aSVl J^4 iUS^ 



(3-4 J^i iulj^-rtl > 4-USLfi ^| 16 ^ji oj^ 4} (jrigh mi jLc .S^L^-U ^^yL^tlt 

32^ cn^aS^I 





til £i\Jjij^si\ ^JLail Q^itJ (j^LreJ I cjljUth £^ 4j ^ Llu-U, 1 ^ 1 .» 

:^,L U Tr^Tj diJi ^ ^ ^TJ-^i t^^J 1 ^ L^j^liJl qjulj C±j\£ 

22.4 liters U^r- 1 Atm $ 0°C 3 jl ^ S^j-a jlLc jLc ^1 /y* J^j J£ J*Aj - > 
N A = 6.023 x 10 23 molecules / mole 

j I jlLU <jS l?^ ( m H x 32 x N^) ^y* LULUS' <jLa -( m fj Jn-^^j-Lj-^J 1 Sji ^3 

UjjJ <jL£ lil^ < 22 ^JL?-^- 4 (N^ m jj) cj?-^ J^>Lt* ^U-oj 

Qti^ { u ?j ff>?- 32 ^La I jiSL^^ 2 X (N^ m j_[) ^ I g7t7? <jLa Ojt^jJUA <^£>-^- 

22.4 Liters <jl f^rJt (S.T.P) jlul jl£ ^1 ^ J^4 




(7-1) 



^Jl j^^S L4-4 iSjI^fc}^ 1 3 liit-uaJl Jlu-?- £^4 cjljLill j^ 1 ^ UJ ^-H-^ 

i Macroscopic ^u-i^SL^^^U 1 Ajlm\jj1\ u « u*j iUjtjjJl *ju*> .^>jLJJ> cn^^ 7 ■ 7 f j 
4^>?- i£j j^rtli Molecules CjlL^tlt £^ ^j-^ ^c^Irtj jUJl jLi ji^Jl ^ ^^£1^ 




*>jla> iUuljJb CjIjUJI <t>4^ c£-*J3 - Random Motion SuSlj r 

4j^^_rtli SjjiaiJl ^Jl ^1 U |JL4>^ *MicrOSCOpic ^Lq^SL^^SLlI, 1 4_^>jjJ> ^^iiJ U Ijla^ 

^jijiJb i jlo HiLa 4lbt!l dl*> ^ .Kinetic Theory of Gases CjIjIaU 

, 4_u > 2_<luJL 4^>r* distil CjljUj^Jt} 1 ^ JjI Jys oj^li jlitll - ^ 

.CjlL^j^iJ Potential Energy 

.jjli^jj C^\j\^2i j-tlaJjeli Jjllj^tl 1 - 
. "V) JSLlu ^ ^j4> b*£ ^i"^ 3 Cj3 ^L-b>-?J 1 ^ 1 JL?-^ Hj}-?- ^.ulc 1 

Lg-Lq-J* 4_c^_4^j LfJ^-rt—b^ m c^c^_rtl 1 4_11S^ J. <LaJLa Jjla L-sSL* 3j» ^ ^J 1 IJLfc jjSLJ^ 
X <>b?ej1 ^ 4-S^t) 1 ^lil, J^Luj^ .V x X <>b?ej1 ^ <4_Lc^uj 4-L^_4 ^ iV iLl^j^-LL 1 




P = 



P 4xkit!l 4S^jrtl > 4j^ >^ 



F = 



L - 

At 



AP T = -mv - (mv ) = - 2mv 

L x v x 7 x 





^ jJJtlll ^SLc AP^ jlJLrJl ^Jj Jillj ^jJl 4^^rtl » 4j-^ ^ jJJtlll US 

AP L = mv x - (-mv x ) = 2mv x CJdS^S 4£>r* 

F = AP^ = 2mv x 
At At 

jlJLrJl ^1 *tS3^' tdi 4^ A ^ Impulse (limp) jajtft jh&3 
I Imp = FAt = AP L = 2mv x 

F t =F At 

av av 

_ 21 



F = 



2mv. 



2]/v x 1 



F 

P av 

A 



p = 



_ av _ 



mN 2 



PV ol = Nmv^ 



r 




j\ JL^j (X,Y,Z) 4j}U11 ^Lfcbe3V» ^ (^-aallbi 



2 2,2,2 

v = V Y + v v + \ 

a y z 



jjLa JL*1?-Vl 4j^L-a24 £j,\l**j~*i\ 4£>r* 

2 ,2 2 



v 2 = 3v 2 



V v = 



ol 3 



1 Nm 2 
P = v 2 
3 V 

ol 


(7-2) 




(7-1) 4bbw 


1 2 

" P-Pv 


(7-3) 




:(Sjlj->Jl ^j->Jl SJ&Uaj Sjlj->Jl Sialic 



9 *l^t.l_j U,,..tt (7-2) 4jjUll ^ 



_ 2 „ mv 2 



PV ol= -^V 



N = nN s 




(7-4) 




R= 



(7-5) 
(7-6) 

8.314 J/mole °K iS3^3 Universal Gas Constant CiljliU fUJl CuLtll ^ R 

.S^U> moles CjV^il j> jui ^ n$ 




(7-6) ^ (7-4) ^ubiatj JSLf ^u^ 1 l-^L-JI c^I^SLtl ^Loj^ JbV dJJItU 



nRT = - YiN a 



mv 



2 \ 



3 


f R ) T mv 2 


2 




2 



(7-7) 



Boltzmann Constant (k) jUJII^j JIjLj ^^-aj U ^lO-T J-^ 



k = — = 1.38xlO- 23 7/°K 


A"2 








2 2 





(7-8) 

(7-8)^(7-7) aJjbw^dUj^ 
(7-9) 



jl i^^L . ^aSLj ^jSLj-I 1 Mj^ilb jLill ijj^SLujj^Ul 4jjJ__lh ^j>! iiMjJl aja 
ij-oS) cj\^t.U Kinetic Energy AyS I^^aLj ^^Zi -Mjj^SL^j^U eAT T 3jL>-^ 

3 1 

\ . , * 2 

4^rtJl 4SUa jls T= 0°K 3jlj-> i^-j-i Jtlc 4jI (3--*- bial^ . 4jJ 1 til^rtjLi 

4_| 4_L__?_)I ^$3 .uxi^Ii s^-ui J£ (j^^ j^-^^ -lie <GI ^1 i 4£,j-uJl . [jA±<2 

f^iaij ^yJ a i^JULt jLill JjV^Lil4 4jt^> L-ii^li ^^itai,! jil_ua.il i^J-i JUiL j^f diii _>-^ ^ 

-Lilio ^^---j iilL JL^^j iiLi j-a-L-Ji 3jtj-> -lie ^I_>- iil Einstein cHiALi 
.ilLrtlt ^ (5^1! V 4-uLJt cliV^lalt p5 * Rest Energy 





^ (76cm Hg ^Jl-^ 3 °C) S.T.P ^ cn-^jj ^ t it* 2l^LL_£ c^VS \±\ - \ 

0.089kg/m 3 

9.81 m/s 2 5ujibJi ai*^ 13600 kg/m 3 

P = 0.76 x 13600x9.81 
p = 0.089 kg/m 3 
1 2 

P= 3 PV 



V = 



3P 



3x0.76x13600x9.81 



0.089 



v = 1.85xl0 3 m/s 



iLKj 4.63xl0 2 m/s S.T.P 

52.8xl0" 27 kg 41* as-^i ^JjJl 



P = Ipv 2 «<W1 
3 

P= J_ Nm v 2 X N m V 2 

3 V ol 3 

~V ol 

3P _ 3x0.76x13600x9.81 
mv 2 52.8xl0" 27 x(4.63 xlO 2 ) 2 

= 2.699 x 10 25 Molecules / m 3 

= 2.699 x 10 25 Molecules/m 3 



0^ 



■I (S.T.P) Jll£, «.LiJ ^ tjj-^-^jJo jLc. -T 



i 22.4 liter a j^i J^Aj) 0.028 kg c&<>x>ZU J>U o^? Uk. ^Llr^ 

^L^ij 1.38xl0" 23 Joule/°K cuOj 6.02xl0 23 jjiL^I (S.T.P 

1.013xl0 5 N/m 2 

«J — ^' 



P - 

o°c - 



2 

3 



P v 



I M 2 

3 (V l)o.c V ° 



Po 



3 ^o o c^ ol^ QO ( 



S.T.P Jik. kit^l^ (wJ! P j (V ol ) oocJ j jUJ* <> M c 



S.T.P fji 2^ JJUi l\ I^lu^a <^±v 3 S.T.P jLsJi 4isliS' i ^t, p oi 



v - 

o 



3 x 1.013 x 10 5 x 22.4 x 10" 3 



0.028 



= 493 m/s 



1 




_ 3 




m v 2 




2 





2 


1 


M 








■ v 2 


2 


N A 


O 



— kT 
2 



v - 

o 



3kTN„ 



3 x 1.38 x 10 - Li x 273 x 6.02 x 10 
0.028 



23 



= 493 m/s 



6.023xl0 23 Molecules jaLuja J^4 ^ J^^^lt LjlLj^tJl ^ac ^ ^pL^al ^jul 



Nm 1 . 3 
p = kg/m 

Vol 



: 43^aJl ^ cbj jbth t^i^ lHaIj 



1 2 3 , rj^ 

_mv = — k T 

2 2 

1.38xl0" 23 Joule/°K ^jL^ 6UJ1^ cotf k ^ 



ScjI jLsJl ^2 4^pJl 4J_>Iaj j^ji^a ^ifc U -\ 



P^Pv 2 



O A 7 

2 

. jl£ Sjlj^ 4rvj.i (^) 
. >^ 4£^>r- 43Lta la < "^"^ (g) 

S^LsaUl Jju ^Jjstll 4$^-- O^Sj liU 

S^U^I 6*J^ fOLua.Il I Jai l£>^ L^-aLiiij 4^1 n. tj ^yfc U ( ^ ) 

$4_olx]i ^ ^U^l 6*j^ 5-4 CiLoLaj ^ jui ^ U (-^ ) 

S^U^I 5^ ^JLuJj ^liLoLwaj 

S^L-Ji jl jlLU ^JJl U ( j ) 




t^k. 3 jSjtl 3ui£Jl Sj^ll ^UiN^ ^ jUJl ^Ll»3^- ^Jlc >M (£) 

: JiLAI Lib 

Laic 4jLLj3^- diLc-j-ui - -j"* jJls- i _i mj>-t S.T.P. ££sj-_jjJUlA jLc. 4j *lil- ^ 

= ^>j<Ji laiu^J^ 6.02xl0 23 £>iL>-3_3't jjlcl^ 0.002 kg c^^jjul^U j^ti <jL 

1.013xl0 5 N/m 2 

(1844 m/s) 

^^Lu^i J£ ^3 LmJ 1 4lLmtJ Jnr^ j-j-^J 1 Ls.j^t ^ j * ^ v-^lU 1 ^ - V 

(1.224 x lO-^kgms" 1 ) 

1.38 x 10- 23 J/°K^Lu, 

(6.21 x 10" 21 J) 

9.1 x 10" 31 kg 42&cA\S lil^Jl 

(1.168 x 10 5 m/s) 
6000°K 

(^j^l ^da-uj 300 K 3j1>^ ^TJ-* ^ii^i (q^ qAll ^da-uj ^i^) 

(4.472) 




(jj^/I) ftjI^JI tdUjJ *U>*i 



(tu-^j ^jJ^ ftiLJl Cryogenics jtik, 3! 5 ^ <i ^Ul 3j1 j^aJt lLL^p cLj^-s 

^jdS^ j ^* (-273 °C) ^iLail j-i-L^Jl JyJ l-jjJLSj ^III ^ tla * ***** j\ 6j\j-5c5\ CjL^j^ 2u_JjJb 

.^Ltil jUJl dl^JL, JSSjj ^jJI^ ailLatl 




<Van Der Waals jS&j* u^i^ 



^JJ 1 CjIjI sJJ 2cS\ ij^LLi <j^iL> ^ Jy 3 

♦ cL^fl (A^tSfcJ 4jjLS-4 

L 

(j^umj^ l^taj ^.Ll iillsel I ^Llr^ 1 Interaction 

cKJ jiUj^ J^Ul! JIj -LrtJ lajt-u^Jl 3^b3-^ .^LsJl laii^iJl j-^^ y&Lui £L-c_u^.jJ 

ilLstil «"t 2d5LuJl 2JL-tiJ c»i_^ 2lojlSHI iJLftJt <^l! S^Ul JLSJul £1 ^1 taSLa>^ ftv^Jl 







iuj^ ,3^Ul £^ SJaLLa-h L_trt-i-u SLaj^l^j > 2 iU A t i SjljjJl CjL^j^ ^J! J^^JLlI j^L 

$i q^JjSJ\ Ju-utS] ^jIj ) L-^bJl giill 3! i^^laJl jdill O- 4 {*Jl**jlluJ$ . TJl^- S-^iiiitl^ 

•Sjt>^ 77 K ^Jl Ja_ua^h -.i^ail -lj^-xJJ ^L! rLrtLs JjL-uJI ct^-^ft 

c^i) 4.2°K 

JUuit jbJl o' 2bjLil* Stt*f* (Jl J^b^J* j^h^ Sjl o-*^ -(JSLJl fj-t 1 *** 



Superfluidity 2L^LaJt 20^^11 



jllc ^l^j^ dliSLi^! oi^4 - Superfluidity 

4ju2jLs ji) Sta^-iil 4J ^-i-mi 1 4_j._u3 LrtJ jL*L ^ I Sjt^rtJ 1 CjL^-j^i 

^U^ij 3jlj^rtj ^3-jJL^_f t JjLoj Ja-a-L^ "A JSLlu) Sj-jibJ^ t£llSuL?-Vl 





.Dewar's Flask ji^j^Sjj^lS 



JLSJul jli ^Jl.4 j_jl4 3! ^._^L>3 cLc^ 3jl x c ^3 

f^-ua Jlu— . iijL-uJ 1 jLaJ* ^j^Jt-U ^JJtJL-uj ,3jlj-rt!l 

JLSJul JjlLS_U c^^gJ 1 ^ L-4bij a * * t j_^J 1 (jkj aLud LJJ 1 

. ( Y - A JSLii) - ^yj $a 1 3j3jL5 Ji4 - J^rtJ 1 ^ Jj-ua^Ilb 3jl^t!l 



jl^j^ 3j^jLi 





<bLi£ 4^l2j ) fi^h JjLJ iu^Ub Ui (90°K <bLi£ 4k2j) cn^S^I JjUj (77°K 

^ o^cbl <Uj3^t!! jJlc ^j-^Jlluj I jj -2 ,u A a 5 t c $jJ\ (jfe (4.2 K 

. JjL-uJI ^jl^i) oLIiJ 1 Sjx^UI Sjl^^Jl ^List-iV l^aJ < ^nj^ a^IjJJi 



4Jj_u JitJL ^Jl J^LSJb Jj-st-Zi 5 , tlt JSX\ 2iilLJ* oL^ JlLsJl Oil* ^ . (AU = 0) 

^ jLJJt J>u i^ljLfl ^iLUi UI . Isothermal jj^jjVi 2uUjJb t.i* ^ ^3 .jiJJ* 

bla .2ulS*ljdl <GSUa L_jb-u^ ^,Ll ftuJ jbJt ^ Ji-i+t* JiAll dild^ .Q th = 0jl^ ilbJl 

cnljJUjJt cn^UJ L^LLLatalll ^ 2l^MI1! ^oJLsj^ .Adiabatic ^Lubu^* 2uUaJb (5_JL^ 
♦ (-30°C <bLl£ lLjj?- <UjIju & Jb-uil (j^j^iJl >^ ^ ^ditL-ui* Jjb-uJl^ 




jLc laiuis Lit^sej^ i^iiiitl^ 3ji die M^boj o^iJt 4j» j-J 1 ^ .Refrigerant 

^1 <b J^iJ djj-blil Jjbuj 3jl^s*- ^5 3^bj ^jlj^tJl J^buJl Id-A L-to-uij^ . ir-^AJlI 1 




JILuJi j^it-^ ftuj ^^L^ j <i" no Isothermal ^ jjj^jVi J^LjJJi i^i* (^0^3 'oL^* 
J^J-il^ Compressor ^^A* ^ jUJi j^u SjjUJi iJbJi ^1 JjLuJi Ja-rtJj . J^lSJb 

^JiL 'MJLlu Jjjj ^j-SLL* <£f iixJL^ WjjSj 3 <Q th = ^u^) jUtU ijJL^Ijdl SjljjJl ^b)j 

<U-luI i^MlH (^lu> ^Jj*- ^1 jlJJl j^x-4J i-JLJ 1 3aLiitJ 1 . 4^_>a_4 AU o^Sul^ 

tJl jUJi ^> ^ iilla £i>5*J 4lc jclu iL ^j! j^- J^Lj Ljjirtj J^j-r- ( Condenser CaS^X\ 

•<JL>^' 3 >4 2l^M1!i JjLuJi ^Isj .(Isothermal) 4LIj Sjl ^ al^ JjL^ J^stL^ 
SjjLj^I JM-^- Jjj-uil JjLuaJ (jU-stl \ /() jJo^xiJ 1 ^j! (j! 

j A IL3 * JSLuJi ^ju*Ju AJLsJi ^ ^ .Expansion Valve ^jlUJi j*U^» 







j^SLIi^ iSj^jJl <>JLfc L^l4 bidj ^Ul 2ulduJl 4ta^j ^Jl jjj-lIII J-jL-u ^^ju IjSLaj 
oaSb ol Ailalb JjVa .2lLu L^j lijLjtj L^c ib-MUl ^ juljLs < (Q th ) 4r->QJi rjL?- 

^ * * + 1 net 

^ U-^jb^ ^ij i^tUi Ji^b ^ 3jtj^tJt J2Ii Heat Pump 2bj! ^ 
E 4LJlAI1 2u)!>Ul ijj^SJl 13 Hal I ^iUJb^ .W net ^-£1* ^^-y i£^h JiAll 



E = W net = (Q th ) 



net 



I 



R 







Superconductivity ^LoJ I <>j>>$£J i >^ * 2 >AUi 



~^>el 4jML fj^t 2JL^» l_£>LA1£1 ^t- fbi ^ 

4jbrtjL <uL_i alii Onnes ^^i^jU^h c*£j£\ 

.luaiL^bllt Sjl^JtJl tljb^j^ die Cjljiih 
(33-^ ^b^j^ J-^J 3j!j-5tJ! 4_>j^i ^ia^jij Ladle 

1 j_> 2uJbi -l^foLS* ^J^SLIl jLJlJI Ji>* ij-bL5 ^i- 
L^La^ULa J^L? 3^Ul . tUjj-gS ^\ ^3^3 

4__>j.i die 'l^j . Lo^_dj cLs^S-J 1 JLj^— mi 2llL?-IjJ| 
SiLr- ^Jl JLSJuVl 4-j^jJb ^4 hi j 4L_a-4 J_j^_o Sj 1 ^—?- 

Superconductivity 2Li2UJt 2ujb^iJi ^b.^^JJi 
.Superconductors ^ 3 lit 4 iji s ^i^Lb 



-T 



^l^tl J^ 4-ib»- ^fl l_jLoajI lil <Gl (jl-A dl,! ^3 




jL-J 1 i Il±> q\ {j) . jL-J* JiL?- 4 irtj-o UiJ* J*sg_<jaj V ^JLUba ♦ia^ULa 4j! <L?*^j V jL-J 1 

Jj-ud ^U 1 SJijLs 3^Ul jLj-J 1 <jLa Jj-ud ^-J 1 iijLa 3^L-4 (33-^ fw 1 ^ u v^-J^Ijj^ J-^i 

^jlaUjiil JLiJ 4ji Jlt_L_rtJ i^jlaJl ^jlaimt L^J 1 ^ ^-SLJj L^_^_^alli-4 jJaj 

JSLi) Meissner Effect ^ ,i,jU s^^U^ ^_ 

a_^Jj Uii^b ai^ja* jbtl i ♦ (Diamagnetic) c __u^i_di * 3j__ 

. * 3-Uj 2„_.s_t I 03-— Jlu_rt_s <U™™_ 03SL} <jl JbV ^_^jLi>- ^ m i La ILL* 

jJ^j . 5_LsLj CjL_JU ^ IjLj jJjj <GL- jLLi^J 1 t£jf^jt-Lj L^-u_3 . c^— 5 3-^' 3^ La ^ CjL_JU 

^Jt^rtj Levitation o_^__J» ^i— jil^-Si* jJl! jLrti 1 ^Liij "u^^iiit^ 

L4 iAlcj^uu -Lj \j ^JLULs^ . (' - A J_SLlL) jjl ula f?tl tiJlSo-^-Vl Jj\j [aa i £i\j2j**lLjulu 3 jlc 
idjLAJl Jj_u^ iU 1 3^LLa l_s Lll^* d£,Lm.Ln/j . 225kiTi/h 41^, jLu ^oli^i 1 jll^2ib ^,^_<_uj 
JL4 ^ j-^^JJt ^ Room Temperature Sj^bJi 3j!j^tJ! CLL^j^ jlLc 3jujl?J! ^a_J 

J_^J 1 ^ ^-LxIj Jlu-rtj icb>^SL!l J2j la^ai^- ^3 S-u^^SLII J-jJaj ^ 





^tjLiel^b k2*Jal\ ^itilXj .Magnetic Resonance Imaging (MRI) 
^ j-i^ J— mj ^- ^ 1 j 1 Jbju?ej ^ tliJi i \ i hsj .(V-A JS_oj) ^m-^-U 3jj_u3 ojSLZS ^5 




JILaXl ^Luai 1 ^ L_j^IZi ^.U 1 a SuIa.jLkll,l 3j^rtll CjL^-j^i 4_a;ljJb (lu^J ^ ji 1 (ulai 1 i£> 
CjljjJl (jKJ ^-.jLoiSJ 1 J^LiHl ( VtIT^cj ^fc^ ^LLIj \_^J 1 (jKJ J^LIlt jjjIHI ^£^3 q£. jJ.aJ> 

^JLSSn 3^Ul 0^3 j^j^-xj .a^tl 3^Ul ( j^^yu2\ i-dj^La L^l4 4_ilLst-4 ^o^Laj j^L 

. JjL-uJ| j^-*^ 3^3 

3jl^»- ale (t£Jl£l?-0 5-4^12.4 ^dUl (j Jl£. L^jjjlL SiL-ui 1 ejtjIJJl o^ 3 ^ 

1 jLaJ* Jo ^L>-LnJ Jjj-r- <3jl^tJl jULul jli £^>-d-4 ^jJLa-4 ^! ^.j^L^j cLc^ 3^ 

JpLUi (jr ij^J\ J-u-djjJi 3j^Ud • 

ob^uJ Suii-ljLh 4-4^L2it ^ 

jJ_ujujL4 3j^Ud • 




.jJUjJbU (!) 
. 2 <X rt^Iij Sj^rJl CjL^j^ ^-Al^Ia 

.(55 Loll Jj-u-> (^) 

U Jit - V 

(225 km/hr) aji^ <a jitaS (tu^j js^i 0) 

3 Jij^ (0 




IK 




.Ul 



1 = 



Q 




A =C/s 



V = J/C LlJ^iJb b.uLi-4 J^_rtl 1 <5>S >^ 

^yfc^ xjJu^lX AJlJj g^tl 4-3L^> jJ> SjJiJ* - t 

Cjburt <5J| SJ ^ fjMJl ^JiLh J i *i tt 

(jju^il J^bj gjL^) S^SIjJI JiL^ (f^JjSJl) 

Sjlj^l 4_?-j^ ^-*L»J$ ^jVb 4-ujLi-4 ^j^SLf 1 




r 





QlTL (jjLZi^ 4jjl^J| ^U^Liil ^ £ J-J>tl ^Ilb <Ut^tf 4 4^-La-4 j-Hb 

2l4^ULL> l_j^J12-4 (J ( L^J g^tl Jj^ 3_Lh S^U, gSLh *uJbu^ 

Q 



tOhm's Law ^\ o^Ua - ^ 



jic <4-JL3jla j^JLJ -L^-Ttl 1 (£>-2 [Hjb Ll-ujUj J-u^^i, 1 jLtj jLl-Ill SJLlu chilli 

I 



V = IR 



R1 

^ AAAAAAA 



o- 4 O^J- 



^ AAAAAAA 



WWWW 



0-^ jsls.) 



^Ij Lh ^Lc 



1-4^ ^J'^U 1 l^aJL4JJ" 4iu^ ^4 ^UiL4^ d> LL_u ^Jj ^ >L-4 1 ^ AJjLL^J J-4.iuJ 4jLJj^£ S^J 1 ^ ^ 

jUj jtj~4j 0SL4J £c!jI 7 mi^JjJI 4-4^UL4 JjJLaJ^ 4JUj g^tl S^jljJl jlitJ^ . (Y-^ jSLAJl) ^ 
4-43ULL 1 >^ c>^ -L^-^ 1 f V 2 jjSjJ^ R 2 4-4jLHl ^ jla ^Uj -L^-rtl 1 i Vj 






1 



£ Kirchhoff ' s law 



R 3 



Rt rt Re rt Ra rt 







H • — I •- 



V = V 1 + V 2 + V 3 oltft 
v V = IR <£1 

v 1 = m 1 

V 2 = IR 2 
V 3 = IR 3 



IR = IR 1 + IR 2 + IR 3 



« o 



R — Rj + R 2 + R 3 



(9-1) 



£Jl& ^jj^a ^Luxj ^I^Ul ^li- 4lLa_ILl CjUjULLI ^ iiL^rtl R SiaiSUl 2u$L<itl 



R = Nr I (9-2) 



r 





. (i - ^) JSLAJl 4iu^ CjMjlm^j^ jJjl4 ' ^ ajjLL^j J^Aj S^j^ 





j^Jlj ^lSLf> J g yj\ c^-^-i JLaJU^ 




til <4j! Jlu-?- i^JLu^^l 4-4^Liib ^JLrtL jLlU 1 ^jLa ^jl^Ill ^Lc. Jj-u^ ^U 1 4lL?- 

^ Lai , (2l4jIJLU ^j-L^i ( 5J r ^Vl 4j^lj^0 ^J 1 ^!! 1 Jj-u^ ^-Lf 1 4lLr- ^ cU> ^Jb 



V V V V 

I = — I = —— I = —— I = — 
P' 1 p 2 p 3 p 



V 


V 


+ v 


+ V 






R' 


Ri 


R 2 


R 3 


1 


1 


+ 1 


+ 1 








R' 




R 2 


R 3 



(9-3) 



R 4lalSH,l 4^ULt,l <j$£j ^jljUl (jyic cftHua-La t-nJU ^ULa 4JLr>» <jy3^ 



R = 



_ Ri R2 



R1 + R2 



(9-4) 




^Laa^Luwj^S^lj 2b) Lull <Lu^SLT 




R' r 



R= — 
N 



(9-5) 



2Ldl«tl 3 pi JLtt u>>^ 



J^bj 2L)Li- J$Jul\ (JSJ\ JAAII ^yfc e.m.f AJui^^SLf* 4a^l Jill 3$£ll ^aj 

jUIlt SjlU^ Vb 3-4 jib (4jjIUi?Q ^jlU 2uu^SLll 2L*a» jJ» S^IU bj^j til diJJJ 

V B = IR + Ir 
V B = I(R + r) 




(9-6) 



v = v R - Ir 



uv 






I 



^^-aaJl o^-^ c>^ 1 ^^3^ R AJ^-jlitl 1 4-4 Lit 1 S^bjj JSLuJl ^ 



<E> 



V, 



B 



AAA I 



^ ^ti , <jj ^1 4] ^LJUj g^tl 
C^j-^ jUu 4JL^ 



R = Rj + R 2 + R 3 = 25 + 70 + 85 = 180 Q 



1 = 



v R 



45 



= 0.25 A 



R 180 

0.25A jj4> 4^LLa J£ ^ jUl jUUl 3jl<j 




Vj = IR 1 = 0.25 x 25 = 6.25V 



V 2 = IR 2 = 0.25 x 70 = 17.5V 



V 3 = IR 3 = 0.25 x 85 = 21.25V 



, c ^lSLh jLUl SJui (^-) 
«J ^' 

45V ^ (ajjILu-U A^ii^i jji 2u^m* ju^j j^) 

= 1.8 A 
= 0.643 A 
= 0.529 A 



Il = 


V 


_ 45 


Ri 


25 


h = 


V 


_ 45 


R 2 


70 


h = 


V 


_ 45 


R 3 


85 


1 

R' 


l 


+ 1 

R 2 



+ 



1 



1 



+ 



1 /l 



25 70 85 



R= 15.14 Q 



1= X = 



45 



R' 15.14 



= 2.972 A 




I 



1 = 



2.972 A ^Luo ^1 jbuli s^i o' i$1 
» o^Sj juJu£,^ 1^ . 1 2 , 1 1 ^iSLT 1 jUIlt 3j-lu L_>Ltar»- (jSL*j^ 
1.8 + 0.643 + 0.529 = 2.972 A 



A 

3 £2 



B 
6£1 



C 



7n 



18V 
r = 

jl^-^j ljjjl^Ls iL-^jLi^-lli (Jlz, 7£2^ 6£2 ^ 3Q A <B iC cjL^ULU cl^\S 

3x6 



Ri R 
R'= — !— 
+R 2 



3 + 6 



= 2Q 



R = R' + R a = 2 + 7 = 9£2 



1= V = i8 =2A 
R 9 

V = IR = 2 x 2 = 4V 

••• I, =_¥_ = ! = 1.333 A 
Rj 3 

.-. I ? = — = — = 0.667 A 

2 R 2 6 

JSLtl jUUl SjL-i > >( ,» -»La 3.9 O 4jL_?-jLiJl i^Lal^ 0.1 Q 4J 4jl1^IjJ| 4_4$LiU 

J ^' 



I = Vb = ? = 0.5 A 

R + r 3.9 + 0.1 



. jUU> SjLlu o^Sj t ^ jLiiU J MS- Q 4Jbj^£ 4Ju£ Cjj^a til • 

i=Q 

t 

Q (Coulomb) a—u^^sLh 4_jl^_£ j^u J^juXi jin.fi • 

.(Volt) j^sJi ^ 3^1 ojSj W(Joule) 

Q 

; 1(A) jUj <b j-oJ^ V(V) J^>>4 ^jla JJU JL^sJl iljh olS til ; f/l j^jL§ • 

R= y Q 



Sjt^fcl 1 4-?^j^ die 

O = — ! 



Pe 



e 



R = R 1 +R 2 + R 3 + .... 



1, = _L + _L + _L 

R R^ R2 R^ 
N 

1= VB 



R + r 




3A 

j; 3 Lluj JMi*- ^U 1 4Ju^SLh 

6Q 4-4^12-4 J^i- 3 A 4jl jJL* jLu j-^J ^^SLf LJilkll lIJ^JUL) JL^JtJ I " ^ 

c^i^ 

c£iL^ j-*^ 

^L-aJ 4lL?t!l 



5^ 



3A 10Q 



8^ 

& 



^L^JjaJL4^l Sc \j£ - i 




^Uaj A j ^Ijl4^i Sc ^ - i 



: 4_U^J 4ji?-b ^U^Ll4 cjli 12V 

4A (^-) 6A G_0 8A (i 

OA U) 2A U 

40C (^) 60C M 80C ( 

>~ U) 20C (: 

: ^UaJ 4-d JSLj jU, 1 jLU 1 SJLlu - 

-|a w 8A ( v ) | A ( 

2 A U) 1A (: 

6V(^) 12V M 3V(i 

4V U) 2V 

: ^L-aJ J-JJ^I cjLl^U 1 *U^ULtj -( 

-|Q(^) 24Q( V ) |-Q0 

12 aw 6Q U 



■§^(-^) 24 Qy 1ft 1 

12 flU) 6 Q ( 




R = Rj + R 2 + R 3 



^fjlj-Ul ^luaJLa dL4^Li-4 Jj^M-JlJ 4-4^Liil l-j^JJL^ <j! lIulIj ( ki^ * -V 

.Jj^Ull cjU^ULU l-j^JJLj £^-4j?&-4 L^iL^ 



ion 



20 Q 



30 Q 



20 a 



40 £2 



.E 2 



2Q 

(0.75 A < 20O) 



6V 



12V 




( 15 V) 4JljL^jV jIjL^Il^iJl 4-4 ^12-4 q\ Q^jAJ r^IiL4 ^Lutil^ jIjL^Il^AJl S^IjJ ; V^l 

( 13.5V) i^iiw £HUtj> ^Ol^AJl : US13 

tlLLuJl Jjla L^uui < Ji^ iliL-a-h < k^iJ ^L-aJ £^>Lii 3^Ut qjULJ ^ 

( 8) .J^fl d\LJ\ 2u^Ll4 ^1 ^lUl diiuJl 2u^Ll4 ^ 4^11 1 l-l^S .J^l 

JvJuJ JL^rJl 2 X 10" 6 111 2 4jiLuL4 30 111 Aljta ^Lstill ^ diiu, -0 

(j^LstliJ 2ul_c$jlJ| i-ajLHl ob L^-Lc g^tl jLj_Hl 3j A < n» y»* 3V tfLj_a^la 

(11.17 A) 1.79 x 10" 8 Qm 

2uJL?-i jJl I g7 43UL43 12V 4_3L^> jJ> l^J^i ^Lii ^ CJLa^ 4.7Q -1 

0.312 



(11.4V, 2A) 



t^abUitl :>£UJI J^l 






> A > °v Oersted a 7 ^1 J^bfc <^S>ulJLh ^1— *)> 

. 4iu^ ^_J> l_3 1j-SfcjJ ii^-V (jyJ^-gS jLj 4j j-4J d.LL.0 <j-4 t-jj-SJb 5j-jJt.ua SU-i^tallLa 

. 4-1 ^Jj^ jLj Jj>>t L-LLluJ 1 J^*" ^ f u ^>LjL3L4 jjjj JtS^J > ^r^jLi- 



j> ^jiJb Magnetic Flux ^^Lili kjlai* JSLai 2lujIj^ jLI>i U^Uj 

^j^J 1 Jyj 2jJ&) ^Lc jJuli JbJ^ 3^>jj ^1 jL^JLub ^^4% jbj <b >4J ^iiiIl^ dJLLuj 







1 j-pOJt 




(t^\yjj> t u A^\ljd,\ i^cj!^^- JJuO ^U 1 ^j^jlJI cjj-j-Ij JSLloJI 

jLjJlU ^lu-i^IIslI, 1 jLrtl I 3jL_lu 4j! JjLi [aa idle L&JLcl a L JLcLl-ZJ^ < (IILluJ 1 ^ 

[aa > ^jL£ La* Ub?oj1 ^jI^JlJI t-u^.j t dLLtJl ^iajJJl I^jlai- (*^-tjJ 

Weber/m 2 (Tesla) L£jl^ • B = ^ ^La-ti 

A 

(10-1) 

( Ampere's Circuital Law j^^* ^j-^S o^iis ai^uii er*-^j 

^1 loj gJU .Permeability l^^ii a < n. jlaimi mi ^ |Li 

1 ^Lt^oi cruli iiMjsJ> ^ 471 x 10 Weber/A.m 





,4L_J^ 2ubJ» 4-ti-all ^Li UiLL^ 



(Y - \ ♦ JS-A) 







t-aJ C 1 ^ ^ii JLl 4jLj I £ 10A 4jJ LJ jl 4jj-4J J-J^5 (AJ. 5 I 



4 71 x 10" 7 Weber/A.m 

£fl 47lxlO" 7 xlO ia-5 T ! l J »^ 

B = — = = 2 x 10 Tesla 

2nd 2 7rx0.1 




^n, iULU* JL*1* oLii «0 V- W) JSL^ ijjjb 

Ull 

<>L*j 1 jtA* t* Jlc jLlU 1 <>L*j 1 <Ll3 ^jJl 

4£>r* i>L?cjl jj^SLc 4Jl j^lAU 1 jIc jLIJ 1 i>L?cjl 4x3 






3j>^ -^- L - ^ 1 J-^* ^ * A git ^.Lu-J^Liitl, 1 Jl_rtl \ ^L-uJjJL^ 

♦ Y- > ♦ JSLoj) (?u-ujJb jois^Lt JSLAh 3jtijcl4 S^l^-Jl 

SjLabiJU 4jj^Jl4 ^jJLL-j 4 la ^LiS- j^jljJl L^iil j^_rt-4 jlc ^iajJJl la ^Li*- 

. A^Laiil £Jj4> ^ ^LU.^im> Jbtl I <jt ^iiL Jjb L4-4 iL^liil j:$Lu*-4 

(10-2) 

4 7T x 10" 7 Weber/A.m ^La^ c^U ibiLilh J^bw ^ |Ll 

B oc N o^Sj Cu^ ^C^jlJ-h L-kiil CjIAJ ^JLe - > 

B oc I t ^IjJl l^UI ^ jLU jbUt SJLui -v 




Right Hand Screw Rule ^WJt S^j>-Jt 3 die La 1 



l_jjULc <>b?ejl ^) liJjit <>b?ejl ^ ^l^-J 1 J-J 1 ^ (ScreW li^Mi) 4-4J^>J oij^ 

L^iil ^ ^-j^SU' jLlIJ 1 t>L_rc3 1 ^Jj L^jIj^ dL^j\ ^-^jj ^Lu-stj iL^Hj j^j- 4 Jlc (4-cbuJl 

.(O-NO-(t-W) 

. Magnetic Dipole ^^axLalli^ . Jai ^Lo *<>alSL} jLj 4j bjjb UlU ola dUjuji 





L^uitaLLLa jLlj <Ll3 ^>_4J jJ 1 jt^j 1 jJ 1 lJiLIJ JjLaJ dJJjb^ > S ^J^lr* ^jLlJ 1 





4aJjjJ| 3jl£.li 



^JlC^ 1 1 Cm *jt->5 i V.i^>*. iJiLj J^>_4 _tic ^^ui jtallill ^.^itftt 4al_££ trie 

4 Tlx 10~ 7 Weber/A.m 



B = 



_ |iNI _ 4 7ix 10" 7 x20x 1.4 



2r 2x0.11 

4x22x 10 7 x20x 1.4 
7 x2x0.11 



= 16 x 10 5 Tesla 





1 j-pOJl 



£jL>-i Ji-li aIl^iJU CjljL-iJL4 JjLCj ^v^-j^-f 1 lajlai- <jl ^<Vi ?j i (H- ^ ♦ ) JSLloJI ^3 





it 



J> 4_a Ul£ lJzJs ^ 



B oc I 

B oc n 
B oc nl 

B = \i nl 



I— 






Sj^aJl LiLl^I AiLLuJ 1 43^*11 L-JS^i^ 



(10-3) 




. ^Aljta ^J>f LrU CjlidJ (^iSUt -SJaII N lLj^ 



SSI 



0.7 A 4jJL_lu j Lei tfb >4Jj> 4_JJ 800 qA (jy^^i CoAa o^SLIj - ^ 

20CIH <JLJ UiiL ^.L. jii^ 4ii-|Jb die ^.La^im 1 

'J — *tTI 

jiNI 4 x 22 xl0" 7 x 800x0.7 



B = 



7x0.2 
= 3.52 x 10" 3 Tesla 



^LuJl (-kill ^ (jr xjLAa\laX\ jAh Ml 43 Ll£ JjljJ fj^Jl ^^Jj^SLtl jLa-aJI 3Jllu <— llllJ»-I -V 

kpLiuJi Ul£. * jjjljJi ^ ^>*-jj 4JL5- 0.815 Tesla ^Luu 

1 .63 x 10" 2 Weber/Am ^ jy^LadJ Slu^llUi 

« J *tM 



B = /i 



NI 



0.815 = 



1.63 x 10" 2 x 800 x1 



1 = 



0.815x0.2 



1.63 x 10 2 x 800 



0.2 

= 0.0125 A= 12.5 mA 




X 
X 



F 



.1 ^Ltfl 



* J belt iliA ^ f^^A ^j^T jLu *U>oJ 



A 

K X 

I 

X X 

x B x 



.Jbfttl abil^ (jrLtf£^ 

i^Sj^il diluJl L-tiLaZi 

^lil, b-^U- ^9_ui ^4 (jrS^gS J Lei tfb ^>-4J dLLo ^iiL ^jjjl^LUlIJ Jbrti I L^j ^j^j ^U 1 S^iLh 



(Y- > •) JSLA 



^ "■ ifcallkd Jbe-4 4LujLJ! S^JsJl 



* Fleming's Left Hand Rule^i4i^^j^-Jl jlJISjlcI^ 



i^k. Lp^-O-C ^Sj^luJ - Luj^£ IjLj J-4-TtJ 







I ^>^SLh jLIll -V 

F I (j\ ^\ n tf U nitl ^ jU, 1 ^^SLh jLU> SjLlu *-4 b-ijla L_^Lli F S^LfLa 
F °c B <ji i B ^LaitaLjLatlt ^ba-bJ 1 *-4 Lpjla L-t-ujllZi F 

Foe BIj 

F = const x BI j 

JlJ^J Jlu-TtJ i Tcslct ^M-^aJJ 1 ^ ( ii (joliitl, 1 ^iaj-iJl i^USLJ SJL?-^ ib?bij JLiJ^ 

JL?-^ 4jJLlu ^Jj^ jLj 4jj-4J > ^Jb: JL?-^ dULu ^Jji, ^b^-b JL?-^ j; 3 bub 3^3 



Weber/m 2 = N/Am 



F = BI 



(Newton) 



(10-4) 



B = 



I 



Tesla 



jjjj ^jJl ^ m jLtaimi ^iaj-iJl 4_2bL£ ^r^i* * ^ < u it^llattl 4-abL£3jL?-^ 
i JL?-^ 4jJLlu jLj 4j ^>-4J JL?-^ ^JU diJLu JL?-^ (Jb^-Jr 5 bfcjl JLl_4 

.^nnt^llatll ]<2c^zh- Lpj^£, tliL-aJl OjSb Ladle 

Jb?tl I ^b*J J Jj-4J ^b?cjj ^3 ^>^SLf 1 jLcU 1 4_1 ^>-4J jJ> LfJLLnJ 1 ojSb b^ jlc^ 

^b 1 ^mi lULUl ^vb-J-iJ 1 5LaLL£ JjJbcJ ^vSbjJ Jjjlc -(A - ^ ♦) JSbuJl ^ I * 9 
^jj-^ i B COS 9 L&jlJLa 4^ it tf Urntl ^ jb-Ill <>b?cjV 2bjt>4 L^lJL^J i 

: <j$Sb 2tfbJt <>JLfc ^3 i B Sin 9 L&jl JLLj^ aliLuJ\ ^ jbill c>bcjj (^k. 

F = BI £ sin 9 

p^Sb b* JllC ^1 ijJu^iM 4j 3 Llu.4 9 q^Sb bi J-lc ^JaIj F S^ill q\ LTJ-aIj . A^^M-jJ 1 c>bj4> ^ 




1 j-pOll 




B 



F=Bli=(Bsine)l£ 



B ± =0 
F=0 

CO 



<^J)LJ 6^-4^ Lftd)^ Lft^ L)W S >^ ( 

t^JLU 1 Aij-^ll (^iiL S^iLh ljLlu> oSLaj^ .abejVl jj^SLc 1 j LU 1 



B 



3—. 




0) 







B 2 = 



AU2 
2;rd 



F l =B 2 I l£ 



\2%d 



F= AUiI 2£ 

1 27Td 



ESI 



'J ^ 



F = BI j 

6 = Bx4x0.3 



B = 



6 



= 5 Tesla 



4 x 0.3 1.2 

F = BI j sin G x J aj! 

= 5x4x0.3x1 = 3N 
2 



jLst-aJLJ ^^juall U ^ U ^ ^j^j al^7 fn 4 (U - W JSLii) abed l_12.U ILjjJ q\S til 
SjJLh OJ^JJ .^-saj-ill lajta^ ^jIj^SLj eld , be <jLa /ptA7* t i ^uiitailattl 

oU^SLj^ ^L?cjVI ^ 7 4^ j> jJLL 1 Qril-j 3 Lm-L^ jnli^JLi ^i^ITLL 1 jJ i 6 j^j r ki\ 

— jJLliJl J^Lij Jjl^j 4aL-iJL4 L<tgln^ i F=BI j-^j U-^l4 J£ ^ icrujjt^JU 





1 j-pOJl 



* = BI fed' Jbc= BIA 



x = BIAN = Blm^l (10-5) 



c ^ r -a/ jlLLLLII l_< Ll2 ti Cj 5| 13 ^; c ^ *j| m d | = IAN 



4^Uoi* <^*t L^bc3^ a^^u 4j_^ ^ Magnetic Dipole Moment 

^l^-ij^l <jLs 3jjIjJ ^2_ciJi ^^ai- (^^jjk Jj_4J (Jail I ^^Lu^a 

(10-6) 



X = BIAN sine 



L-tiaJLh ^jUo <>b?ej1 <Jaill ^^Lu^a (jJlC ^c^^-aJ 1 cru Sjjljil Jli-c?- 

^LJLh SJ-^jj-I ^j^-? jbo 4jj4J Jz.U J-*£, S^SLa ^ J-^JLluj 

J<^\ tl ibL^j J <, Ttb Al^Uj (AJ-j-m j^jJij ^j^-^SLf 1 dJ^tl I <^a I tAjij t AjLj^gSUt 







1 




be 





B 









B 


B 













7 




n 




m. 



^jLjj |»J c ct^-' o- 4 1 %l ^1 1 ^tA '. * - j 

.Jbttl 






^jlJ*-" uxj jL^Moving Coil Galvanometer dlj^tHi ukUi jJL^LolsJi 






jvLs Jia_?tj i^jL-ijJi jyj ^,_Lc L^iiti \sLj^j . s_LsLj sii^ia^u! 5J-Lj±> ^jl^. Soft Iron 
^3 ^-^^-^ ^ f^^^-^i * Horse Shoe L v^>-^i | cij^- JSLo* ^j-c ^4^1^-4 ^Aai 

abejl <jj.SLc ^ 3! icL^Jl l_jjUlc 4^>?- ^Lrt3 ! ^ IS^rtlj q\ ^IL^I^ L_aJUif J>^^j <LjjL3 
lLj^j i ^j^aJLa JvL^jt -J* jU.m.\Iaimi ^Jul^2il <jl JSLtlJ 1 ^ ia^^lj^ .icL-uJ 1 l-jjULc 4^>_r- 
j^t^t 4_2UL£ Ja_rtJ I_4-a ijll^ii l^L-^j! S_Ll±> ^J-C* Lg-^Iju ^mUL^llattl j ^ ) ^ t 1 la^ai^- q^Sj 
JLstl I la^lai-^ .<JiLtl 4j^»j lIuL? L-kiil <Ul2 dJfjJtJu >JljtJ| ^yfl SJuIj ^.Lu-^im 1 

^ Jv4-j^ f 1 4^^La Jw* L^iitl ^ ^j^SLh jLlIJ 1 Ladle . L-^ii* ^ jUl jLul 1 3jui L_t-i-uLuj 

4\-m\Iaimi {J$tll\ iijii 1 £jL>- ^L^tiJ ^ J JLU ^^ 4-2^ ^ /T^itjJ iijaJl J-^-i ^j! abejj 

L^J^Jt-I \-m 3 ♦4-cLjJ1 l_jjLS-C ^Lrt3 ! cJaltl obi-* ^.ic J-4-aJ L^j-C JlI^jLlu 

,jUI!l 3jllu ^i^, ^-tllj^i 1 ^-b^ J^i .ScLuJl • ^L^l lh^- J^*i ^^J 1 4J^aj3Jl 

^Lrt3 ! jj^SLc ^3 ^—ilL^I 1 tiJjJt-Ij ^Lrtj ! ^ cJaJLtl ^ jLlU* ^>_4J L^dlc^ 

,4£,L^J| i_jjLi£, 4^>?- 



(dCg /jLlA) jJ^\ 3^SLj-4/4^j^ 4jIjL?-33 — ^L-uJ^ .3jl^oJ» 4lS 









s DC Ammeter >«i«*iijLai» ^Lw? 



jUlh 3j_ii (^UiJ <l?tjjjb 3jjLjl4 jaj ^Jit-L-uJ jU^T >^ ^_Lu^ f l^ ,2lJLc L^jjui CjIjLj ^L^-f 
1 3^Jls_u^ 2^Lisl bjj^ais o^SIj jJU^jLiLst! I 3^LTJ^ . ^J^-rt_Ii 1 2uu-uL-urtj 




1 j-pOll 




] g Rg 



Rs 

VW 




i I ^ 

I=I g +I s 

Is = I - Ig 

. oLfl R s jUUt 



I 



x q] JL?cj R s jUU 1 C(_£>Sfc.4 -ibtJ^f JoltaLaJj J_r- ^SL^jJ^ 



(10-7) 






5mA 

5 1 OA 4seJj dU ^^jJt 

I R nnn^o «tW t 



R = 



I- I, 



0.005 x 2 
10 - 0.005 



R = .ML = 0.001 £2 



9.995 



.DC Voltmeter jo~mt,l jLOJl jZjl&jJ* 



l-JLl^J^ S^jIjJI L_L?-^tl JL^-stfb M_l^_L4 jL^-j^JLI l-l^JJ L^^LaJl 03^3 3-^ (j^I 

<dj^eJ ^.JLuuJ J^-TtJt ^L^i j~ \ %\yU ^\J~cjua\ U^jl til Q^I .gJjJul) 4jL^} ^j! ^JLJ^ 

CAa J_u-> a-J diJjJ .<L^Ui ^ilLiit -L^rtJt l^J^fci* 1 jJljl! J^J_rt-J V ^JLJLsa iijJLs^n 

.(U - w) jslui ^ us < Multiplier Resistance 



Rm Rg 

r^VW — ^A/V 



Rg 

AA/V 




1 j-pOJl 



v g = igRg 



V = I g R g + I g R m = V g + I g R m 




(10-8) 



<G j— lu jLG 4j ^>_4J Ladle <U l_s tj-stjl jLj %\ 0. 1 <Lii-4 2l4^LS-4 jJL^^jLaIj^ 

50V ^^aJt Alil^j 

V g = Ig Rg = 0.001 x 0.1 = 1 x IO- 4 V 



R m = 



V - V g _ 50 - 1 x IO- 4 



Ic 



1 x 10-3 



= 49999.9 Q, 



Rtotal = 49999.9 + 0.1 = 50000 Q 






Rg=250Q 



Ohmmeter * jJ-u»/vt 



ft; ■ T 1 4_3qULo 

6565Q 



1.5v 



3000Q 



-O Rx O 



ja_c j^jJI ^ ^LisciV^ I jUi jUIli 3jui ji Lal^ iil^ .i^Liti j_lc Voltage Drop ^4^^ 

. (R = V / I) f/l j^JLi ^ L^jLoa^ ^-SUj R 2— 43 LS1 1 i V 4Ji4rtl I iU^LH,' 

^JU^jLiist^ 3^jLjl4 a 3^jI jit £^4 jjJ^JJ^ki\ j2j LIISL4J L43LL43 Lul5 Ju^i\ 3^ ^li 
400jLlA ij-ij jJuwi i>Sjl4 2ull4J 3-^ .0 0- W JSLAh) ^ 2^3-4 ^LIsJj ^1^43*^3 

3jjJlU 5-4^12-4 ^4 dUj&$ i 3000Q ^4 ^Jt^iii ^i^, j^^-4 i 250Q aUL^ 3 ^^ii jlt^ 

6565Q 

.^-ij-^S jUu jJl ^ j^aJ (R x =0) jL^jrtU jLJL?-Vl ^^La ^^Mj pvJ Ltjlc.} 
= 3750 Q 3^jIjJI iU^LLc qc/£3 q\ (jykijj i^jjjCJl 4jL^j 

400 xlO" 6 

500Q = 3jjJtUi i^mi la^aj (250 + 3000 Q) ^ ^ujl^j* 

Jii j-i^t* oj^o-uj ^-^Wi -^-^ J^ 1 jUo 3^j> -Jt ^ 5-4^12.4 4j! cAh**) til 





1 j-pOJt 



R x S^^Llc <iJLioi liLa . L^fLiol S^LiU *U-ii aJVju jL^tJt 3 ^jLs^j o^Lo-j td£^ -Lalj^tjl 

^jjjlJi diu^ij L^ij^rtjVi jJ-ljl-oj^ i 200jLiA jL^-stJt 3750Q s^jIjJi i^uu ^LuJ 

Sj-SIjJI i^LiLft L-dAullJ J\ UJUjLi (JuU^J i^jlilt CJjU-JuJ liU 

— i_a Ij^rtjVl ^.lt.\-Lu (1 1250Q) 3^jI jJl 4 Jl Lai 3 j^l o*j ♦JljjJlU! — 

100jLlA £ jjJu!! 

gjjjj abejl c^^- 3*> ^~ ^ *) J^-^ ^U^LHj ^Lui ^jLitL-uil jyjdlll q) Lfc iar^Mj 



R x (^) 


IJIA 





400 


3750 


200 


11250 


100 


oo 






I 1250 



37 50 



OO 




-0V- w JSLi) Multimeter i^m^ jLjuLNi o*-f^ 5 i*?' U^i Analog 
^Le 2u$Litl jLU 1 ^! d^-sJl ^J_c J -G S^ij .ildei 3c*^i -u^aj 33-^^1 ^i-T 

^LJLtl 33-^J^i ^.^-luJ ^ . 2 ^ q 3 1 3 1 *>Il±> ^q.mJ ^ luJ-« O^-Li 3^_L_a_uD S-luLlu 

CjLj^jJSJVi ^Ll t (U - \ ♦ JSLi) Digital Multimeter ^\ ^juxi^ ^ii 





< AC ji* J4*l\ 3 \ jLili *M L«l .DC/Multimeter 3j^vi ^ DC 

. AC/Multimeter (jr <u^ jIL^ iadstiudi 3^v» 





1 j-pOJl 



: (*jJlLjjl4 tliL-u ^>-4J ^Jj-^S jLei ^vi- c^-ojUJ 1 ^nnt^llatll ^-kei^ 4aLt? -i^Jj • 

4j^jI^ JSLlu d.LL.0 g ? j Lo jj-c c^ojUJ 1 ^toimi jLrtl I • 

, Q^j^LLil ^ f ii (Joliitl, 1 ^jLrtl \ JL?- ^Jl 4 etlu.j 

: ^iiL ^jj^S J Lei 4-1 ^>-4J ^C^J 1 ^ l_£.U >£>4 -lie ^lu, J^Litl, 1 ^-keill 43 Ll? L^i^li • 

.(^jUlII L^Ul lLUI -i JUL (!) 

^L\3e-Lt.ob j Lei 4j ^>_4J jt^j 1 ^ die ^ < u it^Lmi jLrtl I <>L?ej J • 

^jJl ^ef^JJ 1 e^iiL 1 Ji-b j^_rtl I ^Jji, -lie ^La.^im 1 j ^ ti 4_aLL£ eliS^-Zi • 

.jUl jLeLtt SjLii (i) 
• Jijk&l SJL?^ ^ ejLiill J> JjL (e_i) 
. ^i^-J 1 ^UJ^-J 1 S-li^Li ^JLijeL-aJ ^j^S j Lei 4-1 ^>-4J ^Jltl ^J^JJ 1 L^iil ^ ul^i JjlJ-Jllf • 

N/Am ^Tesla <Web / m 2 ^JbLeili ^^f* ^Lt?s^ • 






j Lei 4j ^>-4J d.LL.0 ^,Lc ^^itallata Jl_rt-4 l^j ^j^j _,U> S^JiJ 1 U-Jr^* (JaSj-Zi J^^aJl • 

. jLIft SjLoi (l-j) .dULJl J^ta (I) 

. 3^>_tlLLc4 3^jI^ (jyh jU 1 jL-J 1 3jui ^LJLI <L^jjJj 3^jLjl4 jlaj ^ Jitl_<_uj jU-^T : ^-Hr 4 *^ 1 • 

^jl^Jtll ^.ic jL-J 1 c^j^t-^ ^.4.(.d!i Jjlj*- SjjJlu^ 2l4^UL4 J^>^j ^L^jUiisfc^ ^JL4 3.ibJJ • 

jLj ^ Lta^-^JU I^jjIj jJ^j V diJjJ^ Jjlj*- 3j^Jt^> (jLIll C(_g>^-4 j^) 4-4^UL4 • 

. ^l! ill* <Uj-ud aj die S^jIjJI 

<Uj_u3 die 2llLu3^I 3^j1jJ1 ^4 jSjl* IjLl! L-tjt-mj V <GLa ^ 7 . 4 7 ^ t i 2l4^LS-4 j-jSU • 

d^sJl L-jilLii* S^jIjJI iUt (J J L £. 

,4-4^12-4 03 Jb alalia ^^^Ij til gJjJLlll 4jL^j ^Jl L^^rtJu^ < 1.5V 4a-9ljJl <G^i 

4^j.i 3ct^-Si ^jla-4 . ZjJm L^ljJtjl jL-J 1 3 J_tlL J2j 4j^^Ia Jnj 4-4^LS-4 Llti?-^! 

*3^-luLl4 4.4 ^L2i! 





1 j-pOJl 



1 2uL^ri oia^ujij <#!>ttf 

B = weber/m 2 (or Tesla) : 4^jJi I <Gjlu, jLj <u 



B - M^I (Tesla) 

4jLil .i JLc ^J^J L_k.U Ji-b jj-Stl I ^lil, die ^mitallattt ^ixdJl 43115 • 

: 43 Mall ^ B ^^SjLj 4j J AJjlaj N 

B= jON (Tesla) 
F = B I j sin 

4j ^>-4J N tfGUJ ^ A 4_^_?^ 4-?» Llu-^ J-lI^lL-j * l^2.U (^^^iiL £'i-0^' ^.Liaj • 
.4iiUlb B 43 US' ^ f mi <t^> \1sla Jlrtl bj 1 ^ >4 T q^j^S j Lo 

T = B I A N = nfjB Nm 



4-43LS-4 Rg JLu-T- i R s — 



1- L 



I i jJU^jLiist! I cJaJU 4-4^12-4 Rg . ^_La ULbt) 1 cJaJU 4JU-5tL jLj ^^-5! Ig i jLuJl cj; 

.4_JSLh jLUt Sjui 

v - v g " _ ; 

R^ = — 4iMaJl (3-4 ^u^J^AJl ^ J^rtU AilcLlii 1 iU^Litl JnaL • 



Mil 



I 



g 






• (jyjj^S jLjj 4j ^jJl o^^* (Jail I Ji^b j^rtl I (^k, ^\ Jlc (_^) 



F = BI £ 

jLu 4j j-*J A 4_*La^4 4^»-Luil^ N <CLid iJi£. iJlU (j)l£. J5$X\ S^'i-^j^' fO-C- " ^ 

(j^a B 4_u2_j_2 4a LL£ (^LalL* i ii ^LLiL^ JL%1 £3-^ I 4jJ_u ^j^S 

T = B I A N 

. <lLu~ S^Sla Lrt_ui ^4 L_u_rt) I ^JU ^jULLrtl I L-t^Sjj < kua - 

ii^M-aJ 1 ^Lul-Ltj 1 ^Jla^II^ ^Jj ^L-u-Tt) 1 ^JL^jLiLrt^ Jjjj?cj <jSLaJ lJ^j-? ^^_aj> - V 

« <^jL u Jk. - A 





1 j-pOJl 



. aLIj J^b J^illl .ij^aJJ 4_o^^SLf 1 4ji^i jji Sjjill o^Sj <jt L_uTtJ ( 3 ) 
(sLalLa ^ im itoLLa-a <jr~>i* t-\jt-> V ^ic Lj.5j^ <) f Jj^s^ 0.2lll~ ^ aLa a 4 4_7-Lu*_4 i_kU - \ 

jyi± ^AJi jjaiudi o^r^\ '."<' ^ 0.04Weber/m 2 -CLaLLS' 
.(0.008 Weber) 

4jJLoi jLj 4j 10 Cm Aljta diiu, - V 

: o^SLi u die diL-aii 5 s^iii L_u-a^i . 1 Tesla 
(0.5 N) ^Jbiiu* Jbtl i ^ ^3 J* diWi (0 

(0.356 N) . Jb*i i £4 45° dULJi y 

alt 4_a UL£ . mm *\ 5 A 4jjL_oi jLu <u 2 mm * 



,-6r 



( 5 x 10 Tesla ) Oim^^ ^u^i^ii 

all 4_sLL£ i uii »-i 10A 4jJl_lu jLlj 4j ^aj 0. 1 ID oja a ■ k^-j (Jjjl-i t-iii* - 1 

( 2 71 x 10" 5 Tesla ) 






4£sLL£ ^uua^\ 2A 4jJLoi jLj 4j 4iJ 4000 <GUJ JjL 50cm Aljta ^J>f l^JU -0 

(0.02Tesla) 

4jjLii jLj <u iij 50 4jU1 ^juLji 10cm <ui 12cm <\i^> J^L^ l_^.u -i 

(0.72Nm) JL^U) bj^ l^Ui ^^Lu^a o^SLj Ladle 4jAe ^j^i, 1 ^ f u itoUitll 
4_aLt£ (j, t u ^tolUL4 JLrt_4 ^3 (^a- 4 (12 X 5) Cm^ ^ 2t_r- Llu-^ ^J_4^jLJLL?»- -V 

1 600 tfGUJ ^jlc 0.1 Tesla 4-*!^ 

INm ojj § <*3 <=* 

(2.78 A) 

i^HS' ^niiUllLa Jbt-4 ^ *_ui ^ 10A 4jJLlu jLo 4j iiJ 500 tfGUJ -i JjL l_£.U -A 

^jji* ^i^t ^ 0.2m 2 <uLlL4 a^l^ cJLS liia i 0.25Tesla 
(125 Nm) 

±\ 0.5 Q 2u^Li4 ^jL? liia 40 mA ^jS\ IjLj J^l v ^i^i - °i 
(0.021 £2) 

^^ui 0.02A 

s 150 V <>jdi J^_r- 3^ (j^Lj^J btlLu^ 4Ajl?cj 

(7250 Q) 

4-4^Li-4 lIuL? liLa itfLLil^j ^Jj a^ij-* l_2 t ^tJ t die 150V 3c IjJiJ jla* jJ^l^JJ^A - \ \ 

2l^uu,i .mi. * 4 x 10" 4 A jUj jLj-Hi cJL^ ( 50Q ^JlU 
(374950 Q) 





s^bj u^ji 5A 

$2Uj!MJl jLcU 1 c^3-rt-4 iU^L^4 4-4J.3 U . JUL*) 10 ji JL2-4J 4jc IjJ 



(0.0111 Q) 

jJuuft^tl 4-LaLSLlj 2ulSUl 2ujL<m jIjlL* .(2u_^l m ~*S\ ^ULjO cJilt ^Jj Sc» ^Ja 
(15 Q, 10 Q) 

0. 1 ^La^jUA^ \ ^>-4J ( i ) jLlU ^Jjt-^j J-ua ^ lij 54 Q ^U^jIAL?- - ^ i 

i ( 1 ) cnl4^mt £^4 J£ jlJLi* JL^jt < JSUl jUIl 1 JyJ 0.12 

(6 Q , 7.63 Q ) 

U die 4j&jjjG 4j1^j ^Jj i^-Lu^- 4 ^v^^ 50 Q tll^stJU L_k.U ^U^jIAL?- - ^ 

: ^-uL Jlu-TtJ AiyjseJ (jSLaJ < ki£ 0.5 A 4li JLlu jLj 4j j-4J 

•kJi^Ui c Jjl 350 Q Su^li* J^jj) 200V L^L^ii ^ ( t ) 

.(^jl^Ill (^k. 16.6 Q ^U^Ll4 J^>^i) 2A 4jJLlu (jyjj4S jLu 

m ^Ji aLj^cj 15 mA ajAa jLo ^ua-il 5 Q 4.L4 aLL4 jjul^I ^,.lu - \ \ 

2l*jl3 l-ujl2>-\ £ 1 Q 2uii-ldLJl <CU^Li4^ 1.5 V ixJ^SLh 4*3) jJl 4j$J ^4£< ^iJLklujb 
lOlTlA L-fljJtlj £>j.-i|-4 Jjl?cJ ^U 1 iU^jLiJl Sw^Lii^ 4-4 1 ^J^i*^ 2u$LiUl 

400 Q L4>jtJL^4 4j_?-jL^ 2u^UUj til 4j jU 1 jLUl SjLii dJLfaSj 

(3 mA £ 50 Q £ 94 Q) 





Jbt« jJ$j <ji JSLoll ^ :J}Laj iia.^j.Limi 3 Suj^SJI CjVbtl I tru IsLjjMJ Oersted 
^ CjljUaJoVt pU^i jl^I ^ Faraday ^bljLa <ui£. L* ^j-^ c^^HLc 

<uk, ^lu ^.Mt < Electromagnetic Induction (JT juuk\l*j*$ J £J\ JisJl i^LlJ&t ^LJjJJi 



LaJulC$ i^iaa-Jl L^uA-aj iJ^Jji-c <GUJ ; ^Lrtlf! ^ dJUL-o ^ uaJU ^IJLcb ^bljLa ^Li 



^±j4% jLj diJj^ Induced emf . 4lrtL^^ Saab 3^5 jJ^Ii lL^- /'^^LLiwj^iJl 






^j^SLh jL-Jt dJLtd^ 4i^LuJj ijj^SLII 4a2ljJl <ji ^Jl ^bljLa J^^J jjSLii Jaj^ 

4S^-T- cIIj! ^ f o jlaimi ^v^J-^i 1 la^ai^- diL-uJl tljliii jLi2J irtj-u^ S^o 1 jJ 1 ^3 ^jl jJ^Lj JjrtL-ui 1 



jLi^j ^jJl ^,1^3 U> J Jail ^j-itL (j;J-h ^-(.ujlaimi Jbtl J_u^ Jn_s 4.u.<.u.lh 4S^j?J| - ^ 



emf 



A<j> n 
At 



A t c>3J» 

la^ai^- jLi_dJ j^U 1 cJaitl ejLi) Si * c b^Ia L_t-i-uLlli 4JL rt— L<.aJj ^ ■* at jJl 3$ dJ 1 j t JLd * - Y 

emf oc N 

: 4iMaJl ^LuL-ul An-sL-uJ* gjLuJl Jj-btL ^JUJLsa 



emf = - N 



At 



(11-1) 



♦ mi ^Lit^a j^SLtl Ccrti) ^^IjU (j^jLij l-S^vJlj U 

Lenz's Rule UJ ^^aj U ^3 .4) l_u^uJJ ^JtUt ^^Laj (irtL-uit jLIh 





Lenz's Rule JJJ 3 JL^Ca 



. <J L_txj-uil ^jJlJ 1 jj^S^Laj Jlu-rtj JjrtL-ui 1 ^.j^SLI 1 jLU 1 *>Lrt3 1 o^SLj 

,L_tLa2Jl l-ij^Sj 4^o* ^.ic Jn^j Llli 1 

^ uaill ^ jJili 1 iljfcjLmtt jLlUI tfbej! OjSLi uaill ^^uilalliuil ^JLo-lLJI i *U^tl ^Lajl .XlCa 

(erJ^Ti ^yJLq-Lu) c^tillicl I ^uLi^J 1 ^jrt-J L-jiLrt-Ul 3a_2 J^-aJLa . Loaj_> L-Lai Jj^SLj Jjj_rt_s aLsejl 



jI—l-J 1 aLreJ^ JLstl I aLreJ^ diL-uJl ^L^rtj ! Jnj I^j^o ■ 3j_cLS *_u^ ij^-rt-Ji 




1 Fleming's Right Hand Rule jlJI 3jlcL2 



1 ^j! ^jLi-luJ 1 ^_ i-JuJ lIlj-^j i ^aa_Jl L^-u^„au 



<£j Mutual Induction J*LH» 



UUiLLU 





j ' ^ 1 1 ^2 ^-lJlJJ 1 Jj_a-4 2ULgfcJLm.il S—o^-^SLI 1 ^ a at jJJ 3j ai 1 ^-c^LLo i^bljLa q^jULI 

Laii 1 ^ jLLJ 1 3jui ^2 j^Jtlll ^4 L_t-i-ulH! iirt-L-uil S-j-s^SLI 1 4a_al jit 3^2il <jLa . 





(emf) 9 



All 
At 



(emf) 2 = - M 



All 
At 



(11-2) 



.2ulx, ii^aj l1c?JI J-4la-4 3jl?»3 (j^i^JLa . Henry 

. 4J L_txj-uil ^jJlJ 1 ^LSj Jjj-rtJ o^SLj JjrtL-ui 1 jLU 1 *>Lrt3 1 

.cn-iitl Ji-b Core juarJl ^ l_JL5 - ^ 
.Coils cn-iiit cLLi) ^-ula fti^t^ - Y 



:4JU)t CljLasJl jxIj (tu .(0-^ \) JSLi 
4jjtJL-u-4 2L&ib 3ai ^._Lc Jjb I_4-a ^Ls=3l ^3 ^-L^jLil^J 1 j^lm^a 




L^iltl ^ jUl jLU 1 3jui -*l>*i i^^jlHl 

JLlC^ ^Ls=3l ^3 ^^jLill cJaitl ^ 

diiil ^ jUl jl x U» 3j oj jh^I oj\ 

-JiJ ^JLl Jjj l_4-A ^Lu^il ^LreJ^fl ^ 

L^iiil ^ jl i 12\ 3j oj 3^Ljj cllSi 

^ jJL^^jLiist! \ L_S^_rtlj Jjdlc 

cJaiit 3jJb J-! £LJ f^J <L#a 4 sejl 

j 0*3 4 l£j StJiJ jJlC a i^-j|J LsV 1 

J_Lbt_Ls a . L^rtJLa 3! 3^o 1 jJ 1 Jii-S cUj! ^^jlill cJaiit ^ jJ^Z! 5JjtI.m-4 Sjtab 3^-5 jji ^.ic 

^iljLu^fl LiiiXi ^ J^^ 1 3ib) (t-i 
.^LUi LidX! (l-jjJ j!) Ji>b ^iijLu^i uiUl *L£l 2lJIjLu^I SpioJI JAi jOa 

. (^J 1 J_U V 1 cJaiib jLj-J 1 i>L?ej| O^SLc ^fl ^l) (jrLt&C ^L?ej( ^ Jl^rt-L^ul 1 jUJJ 1 ^L?tJ U Aj-^J-luI 1 







.^Qll ^2 Ail &a ^(jLu^i LiiiXi jr(>>j jl ±Ui\ *U£| (I 
. ^o^I 1 ^-(.ujlaimi Jbtl 1 j^iUj ^L2jJ abejVl ^ 4lc ^ (jy A\jJ\ (jy jLaA^\jJd,\ 

*4l f ( i-i-al 1 




iU Self Induction ^tdJl^l 



t^Ul cJLii (jju£ <GUJ ^JL£.) 
JjL> — 4 L>^ — -4 • (' " ^ 



] 



,4lrtL-u^ 4jl2 ^ 3^5 L^j-^ di^lls l^a/L^- 4iJ J£ <U ^dil ^lajJl Jdalj jjjlu^ 

. 4u_uiij cJaJUU LLrJl (}e SjszjLj JS^ cJaltl ljUlI ^ 4lrtL-uil 4a^ljJl 3^2J^ 

- <Ua jL-Jt die diJUU ^d'di 1 JirJl £>e 4LrtL-uil 4-a3ld)1 &$21\ 

^iua^l jLuJl *>LrtJ ! (jjJlj ^ ^^_oLi jLl! JjJ^j ^JLe \JJ 3deUU LsaJ Jj*jl! - S^o 1 ji 1 jlLs die 

emf ] jLU* jLii die Sistluttl 4a-2ld)1 3^2)1 o^Sj t Ca\X\ CAlil ^de o^SLj Udle^ 

^ie (J3±* ^La-^ 1 - 4 2^3"* V-H-"-* ' J LL^jJJ (Vg) Sj-S^SLI 1 4jL9ld.Il 3^2Jl ^ ja£! 

♦ (ilJ 180 ^.J ^.Jj J-u^J td^J^ 4rt^al] ij^juJl L_iJLa2j) cJaltl ^^La Jnj ^j^lll 

^ajuiil ^lajil JdJtl 1 ^4 Lj^j^Ls L_t-i-ulH! ilrtL-ui 1 iju^SLh 4jl2 1 di 1 S^jtl! 1 jUj & 

4-a^ 1 jJ 1 33-iii (jLa . L-kLt 1 ^ jL-J 1 j^jtii ^i^jji jdjti 1 ^4 ^j^dj L_t-i-uiiij j^di 1 . ^..Lu-jia im 1 

: q\ cJaltl ^ jLU 1 ^jJlJ ^lajJl Jdail ^4 b^Ia L_t-i-ulH! ^jldJl JlrJb Sdiili* 

A L 



(emf) 1 



At 



•"• (emf), = . L 



At 



(11-3) 



4i^bJb L ^e . (\U 3deli) L^J L_u_cuiJ ^jJtU* ^^laj ilrtL-ui* 4jLSld.il 3^2Jl <j! 



L = 



emf 



AI/ At 



(11-4) 



O^SLi Ladle > 4JLrt_L(.uiI 1 4-Uj-^SLII 4a-9ld)1 SaJULj jdJL cJaJUU ^d'di 1 JitrtJ 1 J^la_4 Jjj 
^ d-r^ 1 ^ j*jL-L^i jt jlLoj jLl-UI j^JlL Ladle j; 1 ) 3d_?-^Jl ^ ^ Lmj jL—J 1 ^JtU ^.1^3 U 1 Jdjtil 

♦ (j^l^Jl 3dr*-^j cJaii ^iildJl 1 ^LSj^ (SjljIHI 



Henry ^jJi^l 



Ladle dr*-l^ CJ^J ^jL-uJ 4jl_rtl_<_u^ 4-a^b 3^-5 di^I! Jn_r- cJaii ^jldil 1 ^±> 



6* ^ ' 



4jjlj . tlJ^S J&-\$ 



1H = Vs/A 




> Ci\ cKJ 4— 2 1 cui* c^^-i 

4_pl kj ^Jl£*$ iukilj J^-La ^J_c 



Eddy Currents « 2Lc4l_$dd» o»jLJJl 



4_ai^2jM ^^j^jiJu U iLltjlj (jyjuu. jLrt^J ^ 4_jj -LaJj 4jiLa2jM dij^_rt_Ls La! 2 r ^U,^t I 

,^^U jLj ^.c c^jILLJ 1 ^ f 11 ^Litl 1 jLrtl I J>S.jJ^ ijjJLU ^-<-ujIaljJL4 jLstt 4jjJa]J 

.Induction Furnaces iaJi q\ jsh LjljiAJl ^ i^dl! CjIjLUI ^> ^UIu^ 



; dJj^*J-4 p^*" A wlL-u A^iILluX! ^Luj^ll AjLb\kXS\ 3 1 




A A = 5. Ax 




jn^" f » 4 diL_u ^ 4lrtLji.^j e.m.f juJ^j 

Af m = B AA = B jAx 



emf = - 



At 



r B 5. AX ^ 

emf = - — 9 =-Biv 

At c 



3jlcL3 3Lc» v J, Sjj^^u^ 5_JL_uJ» SjLiVl^ .dUL-Ji L^j tiJ^jstJu ^.U* ic^-uJi ^ V 

(11-5) 



emf 



= Bs_v 



emf 



(11-6) 




&\ mi j AC Generator - Alternator - Dynamo ^LujJl 3I ^SJl jjjll 

.ALiLa ejLsLaii t£f5liul 4La-ojl^J LLrtjLu.U jUUl 
i 4j^j ct>^i ^ (A - U ) JSLiJl ^ US' lajLuuJl c^J^SU* jJ^-I* 

Armature (Loop) l^UI Field Magnet djlill ^jlaimt (1) 

Brushes 

jjLLSJb*- <LutjL^jj J-^-Zi^ ^J^UJti 1 
3 ^51 Jill ^Jl ^Ci diiil ^ iLrtJLuJj 

Brushes cni-i i^jLiJl 

SLLsJ ^ LLrtL-uil jLuJl *>Lrt3 U ^j^imi ^.xLii ^nj cJaltl O^J$-- J^J (A - ^ ^ ) JSL1J 1 a 

• U 

: ic^-uJ 1 p3^J F ( rn^J 3^0^ ' j^-Lj Ladle 








(27lf)^L er P f b^*JJ* ILcj^uJl CO 
^ V qC at—Lib^ . -^j ^ l f ( 



; Ol (H-6) 4iMaJt 

8 = B £ G) r sin 6 

.^jjjt 4^L1^ aLsej^ diL-uJl l_£J dlj^l* ^III 

emf = 2B co r sin 6 



emf - B A co si n 6 



: 4jjLarti)l 21scjllmX\ 

emf = NBAcosinG 

L_u-5tJl ^Irtlc l_l?-^-4J j^i) L_*.-u.-> ^j-jlo 4i_rt_u_u_t l 

4rt_^^4 4jLJLrtll -j-*^* J- 4 (Sine Curve 



= zero jllc ^Jl * 6 = 90° 





S^Jl truaj JSU^ < (sin 90° = 1) j J laj(e mf) in „ = NBA co = NBA (2 jtf) 



emf = (emf) „ sin 8 

' 'mmc 




ill - 10) _ 

= CO t =2 7lfto^ 



emf = (emf) sin 2 Tift 

v y max 



<0 ♦ - U JSLi) c^-HrT c^*^ 4 ^-^-^ d J-^ 




L^ia J£ jLi2-4 SJJ 100 4jUJ ^jlc ^.^IlJ jL-LU laj-mj jJa_4 ^3 cJaJU 

4sli£ lIuIj ^-(.ujlalli^ Jbt^ ^ 4jjUl]1 ^ 50 Hjl* L_ailJ j^Jb 0.21m 2 

cnj 4j^> ;J> oi^i Udlc L^Uji JistLudl 4*a» jJ» 3iiJi ^j^fca*!! 4JI4JJ1 U 0.3Weber/m 2 

$30° ^jJJt 4^l^3 4iL ^uJt *>btj| 

(emf) = NBA co = NBA (2 jrf) 




= 100 x 10" 3 x 0.21 x 2 x — x 50 = 6.6 V 

7 

6.6V ^LuJ SljJ^III 4isfciuJj ia^tLlIt 3^U ^U«tl 4jI^U| 

emf = (emf) sin 9 = 6.6 x sin 30 = 6.6 x — = 3.3 V 

v y max 2 




a CD 



1 = 1 sin(2jrft) 

max v y 

^ jL-J 1 ^JaIj^ ^^l^aJl L^JuL^j iLrtL-ui 1 
* Sjl^I jit 5$ ^jLjll! Ladle LlcrtJL-uil 



(^-u-sJl ^ylrtliO olj^jJl ^4 jLIll SdAJ 



Effective Current jLItf SQUill 2L*^I 



LajJ^j ^.JJ 1 SjjlSJI jj^iij 3! i4L_a-4 S-a^UL-a ^ j^^-rt) 1 ^-oLJJ 1 J j_a_4 jJ^j 

.^^lil j Lilt 

. jLlLU ^^tX+U SjL^UI ^ 0.707 ^L-uii^ I^iy jLlLU ilLaiJl (j^j^jluj S-^-c^i 1 ^Il±> 




: — ; — rr-- *v 



I „ = 0.707 I 

eff max 



(11-11) 

^ 2JUiJ» Jjlj^SLII 4a£\jJ\ 3iiJi 2djL4-A A^MiL 2Uj^ 

(11-12) 



(emf) eff = 0.707 (emf) r 



^ L*i 240 V ^a> Jl « all lJL^jJI ^3^3 1 OA 3 ^jIj ^ itLaJJt jL<_Ut S, ^ A iiuLS til 

S Jl^SeJt <3jA$ LV* ^U^' 



I „ = 0.707 I 

eff max 



10 = 0.707 I 



I max = — —=14.14 A 
max 0JQ7 



V =0 707 V 

eff max 



240 = 0.707 I 



V = 240 = 339.5 V 

max 0J0J 



JLr*-^— 4 jLj ^1 JLJtJLi-ub L^jLlSjJ, ^Jj-^SLII Jj-bt-JLs ^ (J***-* jHt^- 5 ^ J^- 4 iAC^jJLa 

LJ ^^JOj jUU* Jj^^j ^1 ^LI^j US .dLftSVl 

.DC Generator j^L^ jj^a ^jUi jJ^Li J^*j <3SUj diJ^.RectificationjLIlt 
l-£jJj$ Commutator jL^U* fj-i-** Uj ^nl^j -Lai 1 cnliLrtJl JL\_ >J_ml j^jJJl 1 







4£^Ai! ,»Ij£&LluI 
jLlU! aLsej! JL?-^J 



diitl djJ$JX\ 2uj; ^SLh 5_s_^t -Jt 3i^J> U-^ 

ui dili ^ l_J jJLjj <(WXYZ) dL^yi ^ l^U! 
Jp\ cJa-ualft JM>- F 2 3Li j^h ^1 F t 3Li j^l 



^3 .(ZYXW) i?L?ej)fl ^ L-kJLlI ^ ^j; ^tl jL-Lft o' L -^* ^j; #SLh 







9 

I 



4jL^Ul ^j! j * j^ti JyJ ^_L_a_LJ Lfcjl jJL-4 
liXC ^.Jt 4^ J ? niA 4j^2_lJ 

S^jIjJI ^ jUl ^j; jLUt 3jui 

lI^jIj ^.ic LJa^ J^^^rJl SjJuSJI 
.(> Y- U JSLi) DC generator 



x Transformer ^ j>gStf) J^J) 




CjV^^ . Up-Converter 

. Down-Con verter2L_^li>- CJ)!^^ 

cn^_L4 ^ QY-U) J_SL^l_h ^ 
(jLa^-ii^ (jLiiil^ ^^-jIj^ ^jIj_LI 




l-lLSJI L^i jjp 7 j l(n< ^t^llifc c VL^-_ 4 oLs 



4lrtL-uil Sj-s^SU 1 4a91jJ1 lHaj^ L^i ^jllll L_di]j ^ 4lrtL-u-4 4jj^£4i9b 



v = -n M. 

s At 



At 

. ^.-^jLrt) 1 S-lj^SJ 1 4_a_aljJl 3j al\ I < w dj 4_a_sljJl 3$ dJ 1 ^Il±> j^ 1 

JbJLftLj »4irtlj-uil 4jl91jJ1 .diL-uJ* S-43UL4 J^-b JL^stJ I Jyj c dii^JLuJ 

: 4i^ail ^ ^JUlb Jnali^ dLVl L_diXl £jj&cj£ ^j^ 1 J)- 4 -^Jj ^ l — A ± 5t ^ jLU 1 4_4J-5 

v = -n Ai_ 

p p At 



.^IJUiVl LiUl CiU) ^ N p 

:^,L U Ja^art) > Jnl^j L-uJ* crus !>l aJ i 4^jJL LIISL^j i^^jlHl cJaltl ^ <U-4^1j 









V P 


N p 



(11-13) 




* IS * ** ** 

Vp Jii V s ^p- ^^13- UjjJ Np ^> Jii N s oi£ 



S-Jali 1 S3 Hail 4j^L_u^ ^51 aLVl ^3 Sjj^SJI iilLiJ' o^Sj ^^I^j 

Vp^Vs* 

: q\ ^\ -Ouput Power g>^* 3jjl<i) Sj^L^ Input Power Ji-jJl 3jd3 oi^j 



Vp = 


Vs 


. v , 


_ ! P 


V P 




1 Ju*j (11 


- 12) 3 (11 - 


Is 


_ N p 







(11-14) 



(11-15) 



Ladle !>IJ_4^ . 4jUJ ^jlc L-t^SLc l-uluLLZJ cjtiitl Jyj ^1 ^3 jL-J* 3jui <ji ^1 

^L-uJ ^ajLU 1 L-kUj jLj 3jui <jL9 i^jtdLVl (JiHl ^LUJ .iJLc L_<za-*is ^jjlill (JiHl JLjUl) .SJui 

. S_y^SLh j-J^IJ 1 Si^rt-a die j-^^-.U j3l>tl J^_rtl I j > | 1 3 <i lH-lIj LL±> ^3 




2 

i£l^Lu&l ^ jUl ^j; ^tl jL^-Jt ui I J^j— . I R ^L^u-j ^ill 3jjJLt1 A ? all 
££\ jl\ J^-sel I diy^m) ^ ^yjj £J\ jL-Jt ^Ai- UuSL^i til dU.il -R I g 7 

^ll J-u^J S^^jmi SJalLal! oLa i4l c j , -LuV t L^iJLt! jLj 3jui Jyj MJLa 



100 



^11 JL^il 
1 

10000 



(Jill! ^-.ic distil £j£ Jjj-r- » JL^^tl? 4^.3 L>- ^lVjlluJ jjj^^ 1 J}^ 5 ^ 4 ^L^J 

5-4 jitJL-ui 1 2lu^SH! SJ^-y-Sf I ^Laa^ 3c Lu^ V 1 jjLjL^-t JjlslAIII ^3 .iiJ^-a 220 ^^jlil! 





Transmission iju^Sli iilLJl Jill iy^SLli CiV^sd I fdiscJLuj 

i Generation -uJilit CaU^st* jlLc distil CS^i^c fditLuJ 

lLjl?- i 1 - \\ JSLii) JJJ^-^ 1 (3^l^4 die d^^tJl iuaSLS* 

U£ .(0 0- U JSLoj) CilLastt 1 adA ^ ii>U-a_h ^Vi-rtl \ fJLstl^j 



^ 3jiili» iLu^SLll iilkil oi ^ia-4J - J^-Stl I ^ iaj^SJl SSlLall jJ& (tj lil 

Ji*3 . 100% J^stl I 3*U£ o^Sj . ^jI jujVI cJaitl ^ SjLilLuiil iaj^SJt SilLJl ^Luj ^Ltll l^UI 

. Eddy Currents 

<GHj3^ 5_^>^ 5ii^_<_uJ ^j^SLj-LaJl f^LLii 1 jjjltJI ^aistL-uj i jlSJJI | Il±> ^ Jrtli^ . ^-lj-l^Ji 

90%) J^t I 3cl^ 

^Jl ^ijLU 1 L^iiil ^ L^ki J^a_?tj ^III 2luj^SLII 5_x_<_uIj J^-stt 1 3cLi£ l^jlj^ 




(11-16) 





^7 



— / : 



Cu_^ < Recorder J< 7- >» TT4 



.Record Head J< 7- >» 7ti 



_j$__ti Jj^j cJi ^o^L^^^SJi lLjJi ^ 4Lu?t^j U Sc^v^j Play Head 

Hard Disk L_JLa.t1 ^ ^iti <-j-~*jj .0 V U JS__) iju^S 3jL_1 ^J! <Uja^^ 



$100% Ji-rtl I 3cli_C o-> J^f 3d_i 900V -ju^SLtl 4a_i ail 

I~ 



' V P 

900 _ Ip 
240 4 

900x4 = 15 A 
p 240 



4_i_ijLh s^JLh cj.^\s i_i 8V ^LiAj 80% <\jci_2_c l_i.s^4 ^j^s o^^r ~ ^ 

-_itl tLLii -jlc ul.jLS' i-t < ^Lill i__J_J J-LiJ _ju_ LoJs . 220V J)1U ^ 2-uj-$SLtl 
l__J_J ^_ jL-Jt SjLuj l_l .^^jLtft jUUt SjLoj U3 S4_J 1100 ^jIjujVI 

$0.1A ^laLVl 



'J — tT» 



Vp lp 



V s Np 
il=— x^xlOO 
V p N s 

Qn 8 1100 1on 
80 = — -x— — xlOO 
220 N s 



N s = 50 turns (Si!) 



Ip N s 

I s = 1100 
0.1 50 

I s = 2.2 A 



AC/DC 

-i^-stJ c^^-ft o' oj^L* i j-*j-<-uX\ jL^-^ SJLr- ^ -(AC ^^JL^^ 

^ 4j^j 4_4ji -i^JtJ ^IJt J> Js^JLl* jLUt SiLr- ^ Ui .^u^L2i> jL-Jt 

.Capacitor ukiSli^ Inductor JiaJl l-^JU^ Resistor i^mi 
d^^j^ 220V ilLaJJl <LL_44-5 ^^JL^ ^jiJ^JLiuj Jj^i* ^Wj-^u* c^-L^i 
^Jl ^^j-llt -L^jtJi ijla Jjij?cj ^Jl ^LLrtJ UL^i^ .50Hz 

j-4 .Rectifier ^aZLU SLa^uj 4jj^ 3 ^j^SLtl Ji^i * f t> 

.(5liLL) ^l^X\ 




DC Motor 



L^lJU J-4 (\V ~\ \ ) JSLi ^ 1 4 £ 3j3-U3 

^vj_t^ j-c ^4 (ABCD) J , n a 

J_rtiJ L^-u^aj Jj-C 4Ja \.a-4 SJLJi j 

JSLi j _ jr L, ^j-i ^jI^UJlc 1 j * jJli 

« U^iju ^ uV^3-3L4 «(x,y) oLLualh Commutator J^kJb Si^JLi^ Sjjjlh* Sii^I^i 
IJUlaJU 4jI^2-ojVI J^aLill ^^JLail o^Sb .uaiti oh3* o*^-* Ji- 5 *" 6L)i^ o^bLi^ 





JLaHl F 2 SLii^iJlj i(x) iil^La^Vl l^iH 2Lu^*}U 4ij\l^Al L_tL*2Jb iLa.Il! F T 

jLUl j-^ji .(W-U) JSLAh ^ US' (y) Mj^k^Vl l^-^JJ i_^4>U 2bjlfc*JI l_JLuJI L_tL*2Jb 
S^JLh (jl tjKxJu ^.l^tjiiJ ^^-lu-J 1 j_jJt 3jlcL5 j^-J^La . (DCBA) abstj^fl ^ L^iitl ^jj^SLh 
L^b^l 0^ (CD) diWl ^ Sjjjll <J\ L^b^l (AB) dJJLJl ^ 3^j£Ll 

cru-tt ^ l^iJUI otj^^ J-4— ju Couple ^3^ £#1$ Stt crpLfc ^ LluL a .J^ mi ^Jl 

Jj-t-siJ L^jLlC ^J_3uj ^i-r* Lj._rtJj J_j ^J-C J2_j cJaiil otj^-i .(W-^ ^ JSLoj) 

Inertia ^iih ajj ^ ^ ^ Lc cJaitl j£J ♦ ^jJJl l^^ai- abtil (j Jl£. bp^^-c cJaitl ^a_L_a_4 
, F^ clnl-aj^it-U 4t.mjJb Lo-^j-3t-u^ V^Lu j_5 (x,y) ^Uu^JJl o^Sb ^Lr»- ♦ ^ j.»JLmj 

Sbdi^iJl Lu^J^U (y) 4j^a_ujVl cJa^J^ . F^ Sbdi^iJl Lujua^La (x) ^G'^Li^V 1 L-k^3J ^1 lLjlj*- 

(j^-uuil juJI jut^La * (ABCD) abtiVt . L-kLi 1 ^ jLU 1 ^bt3 ! ^ial^ . F ^ 

LoIaj i Jii_aji ^Jl o^Sj (AB) diL-uJl 3jjjil S^JLh (jl lH-h^ 4 -l? 1 j-^^il Ij-a ^ ^ig^JLiJ 
3 i^i > jnjLa> ^ ^(jr^u^^ &3*y^\ iS** JL 23 ^! d£3 (CD) diJLoil (j Jl£. Sjjjil ^ 

J-^J ^I-^- Lj^JjJj (>3-C, ^l^jJJ ^jL-uJI ^^jIJjM abseJ^fl ^ cJaiil O^J^^ jIj-ojLlu} 

, F j j L_i!lj ^xiiU 5- i-lu,jJ b L4^-j.a_u^ ^.4 V^b-L q) (x,y) 4j|^a^Vl ^iu-£ijJ g^mj U . ^>L*.i5 <CLS^r*- 

.^jlj^jJl ^ cJai-tl j-gJLmJ^ b^ j^SLL^ . iULS 3j ^ji J_5 cJaiil 03^3 l Q^l ^ lajl^itJ 

bl^j L^j b lu-4 Jnj CjUlL^ 3j_c ^ J-J^J_ mj ^^tA» tt Sjb^jil jJlc lIuIj J 1 j ^Jjtj lal ^* I ^ 




obi-* ^ <*^^! c^>^* ^b^ 6 ! * L-liI^ ^ Back emf Sj-u^jJi jJl 3ai J-^ajj 

.4L3cLud,\ Sj-s^-SJ 1 SasIjJI 3aJi_h ^A>> f3^b}ii (-kill 4-C^ Jj-ii \Jl&> 

^JLJLsa jL-J* j^i^j ^Jt SLrtJLuil SjfcSljJl 3jJLh 3^Ljj (-kill diL-u 

titfjJ istjJu^ 4jj^SLh 4jl91 jJl 3jJLh J2j (jL^2Ul ^Jt (JiUl 4£^-uj J^O . L-^iiLs S^j-lu 

ukUl obi-* 4-c (fttillj diiifj DC motor 3.*bJJl ^1 diitl 4_c Jj r 4-Ls jLU> 3jui jdli ^ 

. SjjlLl-J 1 -A^_> jJlxL* L^jjUJl! L>^i 3juUl lIuIj t£l^5et \ L_dJU 0^3^ 4£^?-i-u |fttijUJ3 





jL^-^- 3^S1^ -U-laj 
U±\ aJj J>-c J^rt_ 



J! 



Cjr JLc .Metal Detector 
t^jjrtj ^j-iiU 1 ^LJa 

■Sp ^ 4 (_Ju cJaii L 

. aJLi J s 4 

^ jLjJLII julJlIj Jjdlc 

A- \\ JSLi) oaait 




Moving Coil Microphone 
Armature ^lJLjJj ^_>Il> jJ ^,Ll 

emf iUj^_? 3ai jJ^j diJi ^ J 
.0 ^ - U JSLi) audio 2uj>^ 



u,l>jj Moving Coil Loud Speaker <ll^^JX\ ukUl ,,J| ^ L*i 




\ 




j^ajl u2 J-SLii 03 ua) 



3 j Lulu J I JUl&Vf 3 >>b 

^-Lj J__rt) 1 L-tJLi)^ ^j-jIjlJuVI L_kLIj ^_c_L_xj ,^LLail JjjLjJI JwJ l_JL3 Ja_r>- ^1 ^ 



cnjM-Jt ^ 2Lc3L-a.it J^u-> ilJt L^t jlal jiLiia L^j^ die Distributer's Cam 
<u_2 j_Ta_Lj i^- idJULuJt Jv^ tliLiiJ* l^VT ^ ^aJLU> Jaii* <jj-£^3 . Point Contacts 
. ^j 1 j-LsV* cJaltl 3^jb jlLs ^itL j^-^ ^ ijJLc S-uj-^Sjt^b 3^-5 J^JLs 

^ Air Gap 3^t-Hl 2ljj^ 3j1 juJ^j ^Ll 2uJLJ| Slj^^SLII 4*^1 jj| 3a2_h J^ali 
cuj! ^ajlIJt L^iiib JL^jVt ^ CaUo *Jt aa.* i-j^llli^ .Spark Plugs $\ ^^Vt cLU^i 

JaJu J£UJ» ^ cnJL^^it cn^ jlall 4jU_tJ Capacitor (JuSUl 





at 




J 





i ^^L/VI (A-i^LiLtij ^iJjbuJ! 

♦ 4la 4j*- i ^ i 4jls ^JLtalli^ JL?-^I cUj 1 cJaitl JL&zLluA (^J^ 
xLzZl ^Ul ^.(-uJLtaimi ^JlHI la jJlS>! ^J-C J^jJ L^iitl f^LLii 1 JUJLrJl ^i^Ti • 

. L-^ii* ljUlI J-C ^4 diJjS^ i^JLiJl la aia.?- J^d ii> <U jLi^J ^jJl U> J Jail 
^ jjJkllbLuAJ ^LjurtJ i (LLrt-L-u-tO jJutllb -Ji-Ll 1 ^J;-^SUl jLui 1 abejl OJ^Lj : \U • 

. 4J l_i_ujJJ ^mjilaimi ^v^jjjt 

^ J^-ibJ 1 ^jJlJ 1 ^LLjj i^^jllll L-kLL 1 <U ^oLlJ^ * 3juUl jJlaJU ^.j^S^ jLG <U ^_4J U^JL^t 

1 A/s 4i2 jLuJt jjjtH ^i^JJ* Jaait o^SIj 

4a^b 3ii 4lc jiili ^jil cJaJUU ^J 1 ^ 1 LLrJl ^^l^i* : ^jljil JlirtJ 1 • 
1A/S diitl ^ jbJJ\ jJjuJ Jaail U Jlc IV ^b-uJ 4jJ> 4Ju>^ 




1H = 



lVs 



<GUJ ^jul c^JU^li 4lUL (!) 

Ladle ^Uu^^iilla ^Jl 2uSjuISjlU iilLJ* J-Ji-rtU jU-^T" : (^Ll^O ^jj £J\ jUUt • 

uija cLs^^ 2j\sJL^ui\ $\ ihJjX\ jLj-U 1 ^Jui^-i) JnL_u_4 ^1^3 ^VU 1 ^LiL?- (-^) 

. (^_u_^J 1 ^Jurtla) £^4 U 1 ^4 3j^a_s <LfcLrt3 1 a <GjLi ^Jju jLG : .i-i^Ii 1 jUU 1 • 




: 2U 1^1) £>-U (jilt 



: A^MaJLj ^LaaJ At ii^a^uii 1 AO ^.^JL£ail*il 

emf=-N A ^ 



At 



Volt 



.4] L_t^uil j-i*l]* 

j 4a>UJ» ^ ^Lai! At ^^i* j^a^ ^U'^ AO ^jldLVl L_aiU qc SLiLJi 



emf = - M 



A § 
At 



AI jldiU-i diiil ^ jUl jUIlt 3jui ^JjiIJt 5_rtA_o ^jldJl lLsJLj BjJ^Iil 4a^|jJ| 



emf = - L 



AI 
At 



,4i^iaJ| Jv^ J^aJ B <L1iJl2 4.2 US ^^jI^LI_3L4 jLrt^J *>Lrt3 1 ^4 6 4j^j 

emf = Bjv sin 6 

: 43 Mall J- 4 (J^*^ a^LLid-h l^iJU ^ SdJallj 4iLartih ilrtL-ui 1 4a^ljJl 3ai_h • 

emf = NBA co sin 

4Jji ^ 6 i L-kll 1 <L?^ 4^L^j A i ^.(-uJLtallkll ^jjjt 43 LIS B < L-dilj tliLH .ide N CtJi^ 

♦ B ^-i-uJLtaimi ^jjjt 43 US abeJ^ V 4e ^uJ 1 abejl Jju 

2 71 X = 41$^ 

4Julilb J^>ft 

6 = 0° die ^Lua < = 90° die w *tAr 4j|^J iJ^S^ 




^ max v ** eff J ~ ** * 



I = 0.707 I 

eff max 

V P N P 

I s /I p = N p /N s 
V I 

x 100 

Vplp 




* 2l^»-l>»^H 2bb*Vf j*Ul (✓) 2u^ 5-^ * Vjf 

^-(-uJLtaimi ^jjjt 1^ aLii- L^iitl J^aitJ 3^_U^ l-^IL 1 tliliJ .id-C (!) 

4^114 L-kii! CiliJ 2>a^ (^) 2dili L-kJLt! lLUJ ^-ul (_>) 

^ cJaitl ^-4 (joJLtaHiij die ^yJji < rrUj aLa^la J^aJtlj ^JLa^jLiistf 1 3^jI - Y 

♦ tiLti^ diitl ^ ^JLtaimt Jli^ die l^a^rtjl abejl ^SLc abejl 
^JLtaimt Jli^ die jUlh abejl jj^SLc <Lfcbej1 jLG dljU (!) 

^.(-uJLtaimi ^^jjjt 1^ aLii- .yjLe j^i^U ^J^£ jldJ dljU (l_j) 

^klih 1^ iLii- ^ jJljl! fda) (-&) ^J^dl is aLii- .ide jd*U (^) 
^J^li*^ £l>^1 ii JL-^ 1 die diitl ^ 3dJaIi» 4i-tl^uil 4JU; gSLh 4a^> -Jt 3aJLI» cJailitj -T 

: L-^MIi-V 4la 

Q^kxih l^aL^ ^de - diitl diJLu JiLa - jUIJt 3jui ) (!) 

(^JLtaLUt - CiLiill ^de - L^iJUt JiLa ) (-0 
(jUIll 3jui - U> - ^jjjt iaUS) (_*) 
(j^i_^_L-4 aLa^la ^^jLj cJaJU J^-^O ^-jIjlLVI cJaitl ^fl £ £ jLG j 4 die - 1 

£jdlll ylm ^\ jJlAj G-j) ^jldLVl diitl ^ jLuJt ^SLc (!) 
^jULVI diitl ^ jUUt abejl (^) -Li* JyU (_>) 

^JlaLs (-^) 




^-i-uAtalli^ jLrt^J (-&) 
^-i-uJLtalli^ Jbt^ jJ^J (i-j) i£A>^ ^JljU jUj jJ^j (!) 

diL-uJl ^aalll CO lLsJI ^ MU (_>) 

Jju^> jUl J \^ nill (-*) 

: f1jL5fclajb ^-4lljjJl L_dJU ^yh -Jili 1 ^J^SLh jUIJt abejl JUJL?eJ "A 

^l^jJl julLI (_>) 

:q^J U-UC U ja^! xaLi-J -J 1 ^ ^LadallitX 1 ^vsaJuJl IssjLiicl cJaitl jLii - ^ 

^SLoJ U Jit cJaitl ir^L_u^ 30° = 4-J a 1 3-s !>IjU cJaitl ^iL_u^ (l_j) 




diL-uJl ^i^, L_aiilj (^) diL-uJl 3.iU L^ii^Ij (_^- 

♦3^1 3j^*- ^.ic cJai^Ij 

J^^ct I J^aAj 3ii (^) Ji-^i * 3clii^ (-^ 



4t?&LuJj 4*^ j_h 3i2Ji ^bljLs o^jli - Y 

. JiLHl lLjJI o^L^ - "I 
. ^J'U* uLstJl J^Law - A 

. ^LLjjJI - ^ Y 



. JJJ 3-ULli - Y 

. ^Ill jLIll - \ \ 
. j>»jtl - ^ Y 




. L.l<^c 42x2^ J)SL<jj l^iJU ^ iLrtL-ui* Sjj^SLII 4*91 ail 3a2JJ ^bljLa o^jLS -Y 
JSL^j lJsj-? ^J^LJLtl <2j£*i\ J-4L1L4J ^3 ^3 rrt.l L43 ^cnAJU Jn_s J^L-IiJ JirJb ±$ ^ ?\,\ La -Y 

. \JJ 3a.cL3 ^LLo! J^LHl lLjJI ^ait-L^b 

J^Ljl4 JyJ JSLI Ulj^vaj gULml L^Jl4^ . 4j_9 jU 1 jL-J 1 ^jJu Jda-43 (Jail I \ J-fc ^3 iLrt I_<_ui 1 

. (jr^3 l>^-^ ^ cJaJU 3 jJali 1 ilr^L-ui 1 4*9! jJl S^jtll - 

J_u^ aj cO^"^ 4_s^_rtJ a 4-Uj-^_? 4-5 Lta ^.Jj ^LtSuJlSLl 1 iSHaJl Jj^^j tlj-u^ a_J 4_s^_rt3 J -1 

*>bt3U ^jy^i iJLftJl ^ jLJJt abejl JbJLrtll 2ujLitL-uil 3jlcL1I» (*j .^SaJ* JjaJLr*- 

^3 1-4 SLLsJ ^3 il-tJL-uil Suu^SLtl 4a^|jJ| 3jJLI1 Jn^aj LgJLi^o ^ JSL^j 4_3^Lc gULml -V 

$ 80% ^jj^SLfl iJj-stl I 3^UJ jl (j^sla U *<LJUc 4_j^j a ^jj^SLh J^—stl I V-ir^ 
SL^jIc L_tiilll SjJuS^ L^Jl4 ^III J^l^jJl U j S^j^SLh Ji^tl I 3cI2SLj Jlu2.2u liU - ^ ♦ 

9*iU^V^ 100% ^Jl Jjjtl I fcLflS Ji-aj J^i 
>4lgC 3jSL^ Lrt^is ^-4 j^j^il ^4 ua.ua - ^ 




. ^ f ii jt^LLsLa jLrt^J ^ SS^-rt) 1 Ladle ^j-^ jLo 4_s diL-u dljScl* (^) 

5-^3-^-4 4_uJLa-4 2j\jJL^ui\i aL?ejVl JLr*-^— 4 jLj JLjJjJLI 3-4UjjJ| cJaJU Ls^la J^a_Lj (j) 

♦ L^-u^aj L^Lij JnJ^ (jK-i^ij ^yJl 4i^ 

la-i-u^L^ .(^till* Jl_rt-4 ^.ic b c 0.2 Hl^ 4aia2-4 4_r^L_u^ 4JJ 80 4jliiJ cJaJU - \ 

^jjjt 2^Li^ ^^u_r-> 0.5s J Mi- 3j^ 1/4 L-kJLt* j^ju U ale 2V ii-tJLuil 2lh^IjJ| SjJLf* 
(0.0625 Tesla) .^^^JlUi 
oLSa 0.7Tesla ^ c^>^ ^-^jlalUw ^J^i lhj ^j^Ia! 1 ^jjjt 2^Li^ a^\S iil - Y 

(3.57 m/sc) ♦ <u£ > ?- 2lc ^ l_u^I cJ^i 

J£ Sj^^ 600 Jja-4J J^dJ 0.25m^ 4aLa2-4 4_r^L_u_4 iiJ 800 qj6 ijiS^L x4LIj^ cJaJU - Y 

^3-**]! Ladle 4L^7 Mill 2l*sI 3aJUi ^^u_r-> 0.3Tesla 4_^.jJ3 iaLiS JLa&-4 ^ 
(6.28V) .^uu^iX* j4 30° 4^*3 L^Ut ^Ll 

<L_u^_x^ 4 h\JS ^fnil^i^ J I 5t-4 L_j^i_4^ tiijjt-I! 30cm L^JiLa ^LrtUl ^ - 1 

< a t> ^ 4 t ?t 7 r»U ^Llj; ^ tl 4_s_^t jJt t j; 0.5iti/s 4_c ^_^uj 0.8 Tesla 
(0.12 V) 




S-t^Jj ^JLc juLuJU ^Lrtj 1 ^ 80km/hr 2lc^uj SjL-mJl dl^tJu . ^JU <lJ^Ia 3jL-m i -0 
^.jti^Jt ^ 4x 10" 4 V Aju^^S 2La^b 3ii lLjJ^JLs .j^/mJ ^^^aimi jLr^Ji ijuiaVl 
(18 x 10" 6 Tesla) jMf ^jJbimt Jbt^JQ 2LiflVl 2u^Il 

til 10 V Lfcj 1 jJLa 4i-tL-u-4 2Luj-^4a^b 3ai <Xjl£ jJ^Ij l_^H ^jljJl lLjJI L_u-ur»-l -1 

(0.25 H) 40A/S Jj^j <ua jU! jLU* 3jui 

4A cn-iilJ -l-^ 1 ^ jLtl jL-J 1 3jui lIuL^ . 0. 1 H ^ 0\L12J-a cnAJU Jn_j J^L-Ul J^-rJi -V 

(40V) .^lill L-kiit ^ SjJ^IX* iy^SJt 

500 2luLS 4j^»j 2lc iiJ 100 <GUJ ^jlc^ 0.4m x 0.2m ^Ltji J<U7 M ,^4 L_aJU -A 
(Jill! ^JLhl4 J) 1 j ^ jJ 1 0.1T <Lu^jl3 5_aLi? ^LalLa jLrt^j ^ 1 jjjj ^ ^Ji-* 

. L-^ii* S-Jili* 4i-tlt^il ^ n U«ti Sjj^SLII 4*^1 jJ| . Jbtt 1 

(41.89 V) 

lit* 9V ^lill <UtJLa 200V ^jtdLVt <LiU 90% <Gcli£ ^^L?- J^*.* -°l 
3jui ^ 90 ^ijLLft L^Jit CjUJ 0.5 A ^jIjluVI L_aiU ^ jL-J> 3jui 

(10 A, iiJ 1800) s L^Ut ClAJ ^lili L^Ut ^ jLDl 

jLj ^ajLlh <\JAa ^.Liaj 2500 V tail j J-aaj ^-sli*- J^^t* - ^ ♦ 

q&jJu^ i20 (J^jUlII cJaitl CjUJ .iJL£,a ^jI Jlj^fl cJaitl ljUlI Jn_s S-u-uU^ i 80A <Gjui 

3ju!u3 ^ajULh L^iitl ^^La cnj 2Lu;-gSLll 4a-2ljJl 3^2)1 L_t^_^i < 80% Ja^d I IJla 3cUi£ <jl 
(100 V, 4A) 




4-4 JL2_4 



Mis-JU j-uju ^JU 1 4£j JLrtl 1 ^l^JLidJ 4jLujLujSfl (^lAUdl j 1 ^ Zi AjJbtl i S-Lr-^J 1 

S^jo^ 4_c^-4-rt-4 ^bjJ^-h 0-4 J-4laL^ • Quantum Physics p£J\ ^M3^ 

J^HZi L^lSUj > S^_ojLc4 3j^_u^i_> 4Jl^^jJ| LUU^- ^ LfcljJ V JL2 ^U 1 ixoJLsJl ^^lAt 1 ^ 

.Subatomic Scale ^j^t ui-* J^LaIj 

US 

AiL^uJ 1 AisjLa j^U 1 ^j^L? ^IJise-L-ijb L^^_3U jJj-laj ^ J^iJ foIbtJ 1 ^>SL*j 



*Black Body Radiation ^u/YI gjjuwl 



III 



X-n> i s 



i a A j o a I I ^ 1 1 ^. ^ 1 1 

jj2s I 



j ^ inrrari-cl 



microwaves TV radio 



"~ 1 r~ 



Ml 



10 



10 



10 



1 10 







8 * 

i c = 3 x 10 m/s ^ £j jiJ* ^ aLLj 4^ j L^lSLf^ L^Jjtaj Lao.* ^ 

4.aLiis diJaS^ f^^Ul ^jLuj^ l (Y- ^ Y JSLlu) q^^loII ^Lo^^H aJLfc ^ 3 *2L)L^"i 
L_JLLh o^ill o' li^^i .(t-U JSL<i) t^>^h ^L^i»i <(T-U JSL^) SjLiHl 

J£ jJLj V jAll jJLkaJj <jl .^jJLU L^jJlC^ j-iLu^Jj <>JLfc J£ ^ j-iL^i) si^jlaJl ^^^iiL 



jl?-^ ,(0-^ V JSLoj) Planck's Distribution dl^yu ^Istl*^ J^a-h ^LsujiVI Sjluj 

oL£ 3jl j^tlt ^TJ-* ^0 L*l£ 4jS ij\ .Wien's Law 6>jI— <b <-a jjlj .SjI 

^1 iJLr- J^aJt ^tj tij 4jI ii^!>bj .^l^-IS ^^^^ *uJa ^jlJI cjT^r>tt J^aJt 

Jllc jJij ^ <t U^tl ^1 a oiVl SJ ui J-a 5t-J I JU4>^ »^rU mi tl Jllc 6000 °K 

2Liltall <> 40% ops ^J^i -tAA' ^OaJl (J> tf' <5000A° (0.5 micron) 

(Infrared Radiation ^jl ^ fWLJ L^>£ 50% ^ ojS^S ^^111 2^1*^1 




1000 



i son 2O0G 

(nm) c^^J 



3 j ! j-sJ 1 ^4 1 1 i t&c ( j y l?tj_t! J^t-»tl 



( 3 taLJ 4 w $1 j w ^ 

^J-h £l a iVl ^ 

igA^Ul (^jj^SUt 

V i£ (3000°K Sjlj^Jl 
20% 



^^SUj V .(Q-U JSL^) 1000 nm = 10 m= 10000 A° = lmicron ^ ^LrtUl 

^JLrtli! \1&> q\ ^S^lIiJt )j\ ujj£ j^j ^* ♦ ^Lc ^ Planck cIIjMj 




4^ *&l ^ILij ^ 10 micron ^J 1 ^-?- o^-^ ^ui jll^ o-^^ J^LaJl HjLs ^ *<U 
4l^?t4 (j^LS SJ^-l^ Sicily jUil . (V - > Y JSLii) Infrared Radiation c» j^rtl* 

J2 ^B-^? 




6 X |1IT1 Microwaves 2 

\xm= d3jZ±* 



1 > hi ■ t ogj ^ II ^Ls^Vl 




q^J^\ ^d^jLM 4 I a ljX\ 

^ *j usJ\ 4 u^b 

CaL^tl (»tf \ V 7 nib diljL-S^ 

4 j. a l daJ\ Lh 

I 4 £ i Earth Resources 



1 t*utl ^a fJLJ*- 



J( LUJ 



0.499 



^ LU /hi > T iQ^j ^ ^ tl ^l_2_iijVl 



4.0 9.66 A, |Lim 



4jj^J Night Vision 2l_jlJLl1II 

^ a <M 

^^lli o^J^ 1 t^l ^J^ 4 ^jl I jjj-uaJJl ^JLiscJLuij 

t(U - \ Y JSLoj) Tomography (*lj_5Sfl jLse-* ^ 2u^L*-_$ ^ Thermal Imaging 

J^j-r- i Criminology 4_ullrtl> t_a I 7 ? 1 ^ diJjL^i Embryology 4i^Sfl_$ 




.Remote Sensing jul-JI £ c jU & 7 



.Jb4l 

.Black Body Radiation ^ u&l sJl 

^ 4 lUi, laJa t-u-j L-4 J£ ^^a_L-4J jJ 1 

jllju («j i Perfect Absorber 
LJUu IL^b o^SLj ^1 <4jJLU 4cLji_aj J 

/LkAj! Perfect Emitter 
<b 12Jjl4 Cavity U-j^j^j Uj^ij 

.(^ V - ^ Y JSLlu) ^^LU^\ ^JUi^si\ jJ-A-LuJ (j? 4- La l L 4 £ J l_LUJ sj^* £>?eJ 

fA J ij ^ r Cjr^ L r t ^>^- Q^.>^ ■^J-^l ^juj^si\ ^LlluJ S^LLa j t-u-Aj <jt dJu^M-i ^liaJLuJ 




I 



IiLjj JbV ^.cUu^J! cLl-ujj 



5i 




i 




4_lLlU! jL^JtJ 4Li^ILj Sj^ua 





4j_ijJ! <4_?-^JJ 4j j ! j-?- Sj^ua 



i^k.^ .Photon ojjj-a 3* Quantum (<*SLh) ^t^SLh 

3^ ^3_1L 1 ^ j^Lu^Jl ^1 ^ niVl oL-3 tliJi 

CaUftjj Ati ^jla^ .i-illall *>jl£ C^lj L*l£ j^iLlIj 

/I i Quantized SLoS^ L*jU 4La " * r< m< tt Ibjujuil 

♦ Discrete 4.La.Jil4 ^1 < Discontinuous aL^JU 

^ h lLjl^ E=nhV L*jJ5 iisLLJi CjbjT ni 4 jl?-Lja 




II V 3 i h=6.625 x 10 -34 Js dU^j j^L3 
ULta SjjJl j-Aj .Frequency (Hertz-Hz) 




-i^-cuV! f^-L^usJl £\jlA\ 



<4l3ila U^i^S jJLl^ij L^jL^ Jil 4iHa ^^LuxJi 
4311a Cili ejtijjjfl J-t-^j diJjb^ .E = hV 
Cjli CjUjjj-aj iS^JL-u? V lIuL? til 2uJLc 
3 » 5j JLAua V l!uL£ til 4iU ^ 4-§Lta 
<>JLfc ^ ual\ Li £j a iiVl <jj 

Sj^ ua T- ^ V) J-SL- lu £L_ui 3^3 

Scl lis) 4 x. 4-La2 IL4 




* Photoelectric Effect ^^igj^Sl) j-ljCJI 



*>jla> ^-a—J jjSLoJ ^^SU^ .Surface Potential Barrier uJt , \ ^ ^ J ^L_r- ^ u*j 

.0 i - ^ Y JSLlu) i-u^-ui 4jjL>^ 4_iLt> La>Ii \Ur i til ^Lj^^ISLfV* 
2uiUi ^ V 7 mm ^U* ^3 Cathode Ray Tube (CRT) ^iSLh gj hi 3 £1 

j<u:7a .Filament ^^jA- niTtt 3U,„t^ 4; \ V f( ,l < Cathode ^lSLf> $\ la^tl 
jlc (J J^ 5uiLL4 <3jl j^tll J*-^ E- Gun ^jjijJSU^I j-sjlU ^ CjUj^JSLft^ 

i Anode $\ , wjM.I m<j ^3-4 < -^liL 4L^-Ltl 4-luLUI IgU^TH J^?- £ ^wntl 

t> Jji> j^j " au Grid i i CjIj Aj SUV 1 jl u S-L-oj *- 

g £ cjVL?s-4 E-beam CjUj^JSLft^ 4-^3^ <Lj-?-^j jS*aj* ♦ CjUj> > _£Lft^ 






SSSSSSSSSf 




hv 




,0000000000 \ 

fOOO OOOOOOO ! 



joT! ^Lbtj OaLujl jISVl o4>5Jyi 

- N Y JSLoj) 5jj <Ml J-^JSj Raster 4^?\\ 4U?\ 5l 

^J>^_ui g Sill ^JL—SLLh 3j fcULi ^d^jLM c^_ui ^ , u i. L a^ JjLj^^JSLJV 1 

4jlSjl^^I ^=^Lj 5 jAltill jui^I j^SUj ¥ .0 V > Y JSLu,) Photoelectric Effect 




(CRT) 





^Lc L^i^-Li (Photoelectrons 

Jjui^ 4_bj_L^ 3jlL c^-bsJi Utl <jba i^JUii S^LuaVl 
l-Sj l^j . j^-rt-IU 2ujMJ> 4il_LaJ> bjbjjJSLhfl clt^f b 

^ L4LO (JalLseJ ^LlU-sJ 1 5jjfcLiu.tj jjSU^ 
(Jl£, ^3^^ 4-^J-Jb cJlij—b bjbj^JSbtVl O 1 
^ ^^kJ lail mi tl si^jlaJl oL? til VI lLUj^JSUVI 

^ ^ (Jlz, (JiijJG - l^JLc ^ ij\ - aZ\u:\) Cj^^jlSJ^i 4s£^S\ iilLJi ^ ^3 .(^ V- \ V 

Sr\ ni bub? til Cjlij^JSJVl ^j^jreJcl 2Uj}Ul iiLLaJi gjL^jttJcl j!U7\t 3 ^_ba bJLbfc pjS3 
Sc bb V 1 Sjllu bbl£ ^b^- iSLLstlJlj $25\ jlt^Vi CiLij^jSLtVl <jl Jj .3^ u b? 3c Lbs V 1 

tt Q3^a= r bjtJLAl <lt I ^jl^j mi <ij oi ^ Einstein brb— bbj* 

jju-ijuiltl 1 bjl> ^\jjjj2J\ ^3 S3-jbt_j Jjp-^-l ) t jl^ L^j ju u dli ^^biit ^LcSLu_ij !>lSb 1 

>^j^b? iL>^SLtt ^juJ 1 q^jU 4^ blblS^b Y ^ ^Ll 

: (hJT L U-tS j (-mb-J 1 1 bjl> j^-?eib 
JL?- ^ ^-c? 1 4_§lia-tl bbLS^ ^rt^ mi ^JuZ, llV <bLiLb> o^J^ ^tf? mi til 

i Work Function E w jJb L^i ^ JJlAJI 4lb ^ <«) La ^jL-oj * h V c cn*-4 
qjjj^ill I i i - ^ V JSbi) oJudt ^ oi>-^-t^* j*D-*=-^ ^j^ 1 




^bjj^ i ^jS\ 4_c j mm t£) >5tlj ^1 i Kinetic Energy (KE) 2u£>^ iilla JSLlu (^Lc j gUj 

iE w ^ hV cy<) iill^ o^SLj <j! «k>+"j £ jj-o-rtU jl Lalii S^_L^ ifjllfc 

iS^Ut ^1 E w (^k. laia a L^ii^Ii (£>?t^ -*A>^h Cjt* ^ c ^j-t-) hV^ 4jLs diJi 




V> V c lit v< v c ^£ 









i 


<i> 2 

T L2 Aiid ic Lin »Jui 


\ 










"*Mb r 

T Lr| ^lIjIj jcLj 


iZ_j|_J jLi_f 








**** 










/ 




v>v c 






-V 













^^iLa-il 4_c,j oj ^L_<.__J 

.Stopping Voltage V s 



^LLj^JIJV* 4illa q^Su 



Vs ^3 ^3 ^ ^LS^ 1 -^c 



-eV s + KE max = 



V s = — KE 



max 



(12-1) 



iLIjLj ^Ldl djjoj 

y 3 > v 2 > V l > V c 





^ q^jJSJ^\ L^j 

I^La i^j^cjs ^j^iJl jjjLUI S^fcLLa 



hv = E w + KE max 



KE max - hv " E w 
2-4 hijla L_^LLU KE max ji tf\ 

^1 £ c^iL*-"J Vs ^JUlb^ £ O-a-ua ^L-ui! KE max j£j L^dlc hV c = E w JLu-rt-s V c ^jv 

j Lift fd*LJ ^ - ^ Y JSLi) l^L^jI ^Jl i>g£h lLU^^JSLIVI jL1?cj V 



V ^ j2S\$ KE max cnj 2ukiJl 4i^ijJl 



7 




mo 

4idl^ ^IjJ. V KE max 4i^l£. 




•mo 

.(A) liU ^j^ll jLDb d^Jl 4i^l£, 



1 * 

\A 






\\ v 


I 9 



.(B) S^U c^i^t jLIlb J^sJl 43Mt 



Compton Effect o&u* 3 



♦ (Y^ - ^ Y J_SLi) 4^L^1 ^jlJu^ 

JMJ>- dJJi ji rofM UjJ . Qd )5 \ m^£lQ AJ^^-L 1 4J^Ub dili ^JL^JtJ jjSL*J 

4jl4^^Uoj ^LaLh 4£>aJl aju<^ J\ .Conservation of Momentum 4£>aJl 
q\ tf\ Conservation of Energy 2iilLJl *L£j o^LS diJj_^ .foLtoJLh 4_S^_rtl > 



j^.4-L.ob t£)j-5tlj < hV j: ^ Lluj 4iaLLa 4A-4-£ 4il£ < I JLr- jJLA.ua 3Jl_t- 

iilLiJ 1 3 4_USLf> 4jj j^JuLilJbi lIuj! -li ^ . HjJJ* L-4-^-4 4_LLl> (^A^ iC c^-t^ t> 4_Cj-lu.^ 

I JLfc^ .4311a JSLlu (^k. j^Uj 4_USLh jJiii <jj ^1 .E = mc 2 3 jJl^AJI 4liMju qILuj ^ 
4.11^ JLia <Ll^ uaJ SI^Lh jIU A\t JLr-^ iljp- . (Y Y - > Y JSLlu) Ajjjji iUliJ* ^Llm] 
SjJll? 4JL4^ c^u^J 1 lIo^- t -Lr- S^Ju_? 4a Its ^Jl J^rtJj 4lSLf^ £ \ JLr- S^Julu^ 

^LLzJi ^Uij o^LJ^ 4LSJI ^Uij o^LJ oLii dU^ .(c 2 = 9 x 10 16 m 2 /s 2 ) Ijl^ 





^jJt <j£jj_Jdt <jt dLti ol-s— 4^ . L_s— 4 

^UjS hv/c 2 4^01^0^ hv^L^Ub 

X~\? mi til S . hV/c Jj—uaJ Mitt 

I 4 ^da m ^Jjw j^jj alt jj-4 £L_s lu 

o>i>-a J£ <jL-a L Photons/s Jjlj^j 

> <\ \ C QjiSLtij^ Mitt i^Ji lu-J 

4 \ <i ? ^ ^jJtllt gU,,,ti cjU^j^JJt L^j ^Ji^li (^ilt SjJLtt tit . 2mc 



F = 2mc(f) L 



F=2(^)(^ T = 2*1 
c L c 



(12-2) 



c>jji> n.t' ^ki 4LaiUJt Suu^^Jt ASliail Watts Cjt^lb SjJLilt ^j* P w 

jjjp c£*J LglSIlj ilaJbtlt ^rt^ mi (^^^iiL lii^-?tL4 tj-jjU SjjJt.ua SjJilt 

.Q£jju<& S^LLi jJLmilJ ^j4> 1 Jl& $ . t JLXaJ <43 Jlila £ 4^St?-^ jJLua.1 <Jj|jJ5Llt ^Jjw 

L^i^aj iit (^iiL o^j^iJt jj-uaJ o^-oj iCjjj-^tl t) ^j^SLu^jSj-tt ^i^ilt ^5 

CaUjJj-ilt <>JLfc ££-4jrt_4^ . V JjLa^J L^JUJLli i X 4-J^_*JJ (^^^^it J^LaJt ^LuaJ 
^Jj^^ i^iaa-Jt L<ig.ua.aj ^lii, <jt JUbLU <jVL?tl t^ ^m.dallL4 j Jbt_4 1^1 

4J5iiaJt J-4^clJ CjU^j^i-h 4-4 J^r- <jt j-ujlj UjLs diljJ^ 4-4 J^r- <jb^ <>L?ejt 
4-4 J^?- tlt^Lu ^ 4-JJj-^-Lt j^'jit) 1 4^tjj <jt gJ^aJ mjj <>i tt ^La_oj L^-U_rtJ 
Jl_?tl t SjL-lu ^t ^j-gSJt jLrtl t 3jL_lu u* l—j-i— 4 ^ _ 4-jj-^it 5-L-lu 3 i JS^ dlj^j^— ilt 



4-SJjrtl t (j] ^t .cjlj^j^ilt J-^>i ^_C-L4 Jjb _ ^jjiaJt ^LaAJ L-^L^i 1 ^.Lu-^im 1 
^i^-*lit ^ ^-lu^ L4 tJLA^ iSj-J—j-? .itJLctj dlj^J^^ jL_J_H ua— 4 p^S-J 4_LJj-^it 

olLujj-4 ^j^SLuj^jSj-Lt^ ^^SLujjij^Ut cri-r-i^-^ilt <yt ^! (j-Lxilt ^t) ^j^SLujij^Ut 



4A^Ju-a-rtl 1 4Jlu^ Lit) 1 ^ 4Jlu^ Lit) 1 (jSLfj ♦ ^J^SLm ^jSjl! 1 ^i^Dl q^Jjidl 

^■ill ^lall f**-^" ^-^-^ <4jISL4 3^** lJ^JlS' ^Jlj 4jl (A^tl . yLLaj^LL* CjUjJjidl 



il ^4 .Cumputerized Tomography (CT) Scan ^_j_L*SLh 4U<u\# 

i Tomograms ^ mm 

4 a UiSfl J J 

L-k ui\ £ II 




i Detector 




\ 

i^yliL cjU^iail 
^ t-U Axial Motion 2yjj_rtl I 

.(rr - u jsl^) 





V 4jL Magnetic Resonance Imaging (MRI) ^ ( (uUIIaII jib ^-^JJi 
.4j.*Lii4 4ii!ui jlM (^k. Lkitji -uIju^ *f*fj_jVI J-^Ci 42jLa Sjji 4]^ £ Radio Wave 
JoJLL^-^ < <lA\S j-ui jj$ £ Superconductor Jj-u^ ^_If> S^L^ ^ ^jJa 



L-tjj^j ^j^alS uAz\jjtX\ .jj-il^Jl CjUaoj J 1 ZLmj £ Receiving Magnet 

RadioFrequency ( RF) jJl CjL^ JSLU .^j^jjul^JI tLtji Spin 4-JJjlII 4^>rtl » 




• I^jL?- ^3 Ml (>;;F i£, 1 W <GjJL2 £l*ifl L^J ^jjj ^yUl S^Jl <—t.LLL>t 



2 p. 



F = 



w 



2x1 
3x 10 8 



= 0.67x10" 8 N 



^ = c/v 



4 i^Vt^^t^L^J^^^^t J^IaJlA^^U. 



h ia-i-a-Jl L-jj-tlaj 





hv " 


hv/c 


P L = 


mc 




hv 




2 c 




hv 




c 


. x = 


h 











(12-3) 



CiljjJ AJulJlJ 1 iaL-ol^ X/ jjJlj <JjJL?cJ 4jj12-4 <jla > ^rt^ mi ^liL cjU^J^a la }ti ( u die 



^uIj-JI CjLaUiJutJ l!uL£ til . 4_< r ?^!, t 4j^£V> t 1 ^ L^<4L4 ^ialj^ . J^._L4 r m ? 



X, = 380nm q\£ <^£>?- o>>>iJ( 4il£ <_ 

« (3xl0 8 m/s) 

V = c/X = — 5^ — 

(380) (lxl0- 9 m) 



= 7.89xl0 14 Hz 



m= E/c 2 = hV/c 2 = 



(6.625 x 1Q- 34 Js) (7.89xl0 14 s' 1 ) 
(3xl0 8 m/s) 2 



= 5.81xl0~ 36 kg 

A (6.625 x 10" 34 Js) 
l (380) (lxlO-V) 

= 1.74xl0" 27 kgm/s 



^La-uta L^l CjL^U lIuL? liLa .Symmetry JjL^-U* ^ jJL§ o$SLh ^ 

Wave Particle Duality jiallUl \1*> $4aj?^4 4jljo^ ^ n.^U ^ liUia <3 u\ 
^^il l^J^ta aj^^j 4aJula 4l (AJ^a-rtl 1 ob f > °VV V ^Lc De Broglie ^Lu=> 

(12-4) 



A, = h/P 



.qjj^itll 4l^lai 4i.il.i4 t fiX*-u^S \ 4£^>r- 4Jl<^ JlJp- 

^itij . 4_c^_4^J^ ^r^J, 1 Jjl^t 1 ^ ^^^-J 1 Jld_?- £yj . 4_r-^_^U 4_x5lj^h CjUl-l^JI J^_rtJ 




Spin C^JJ ill tiiJl) 



ft \ a. V. i A v t> I t ml 







y 








X 


z 

















V llii Heisenberg 2>h>^ J^-> 

+ 9 




(3_lL^Ij 4i?eJj-4 £LjLSe_ua .S JlC Oj±> j I jd, I 





jLmtj J^Jltj (jl i jjSL^J 

4a^i^4 Ltliji <U.lii, q^SLLi 

\|/ 2Lh jlU Standing Wave 
ji uai ^1 ( (rv - \ y js:^) 

iU_j»5 ^.L^i \j/ o^Sj ^ jdl 



(Electron Microscope ^ij J 2&y\ (l^^^^M) 



jg ^ Mijj ^ ^ tl 

6 





j g stl I CS^ i Resolving Power J \\ 7tt 
iL^r- 2l§IL> J-4^?cj L^jISL^L lLLjj>jJKJV1 

J^U_4 ^JLUb^ £ (12"3 4l^bu4) IJL^ 

.(YA - U JSL^) LfcJi^ jj oi 





J^SjJ 4A t totalis ^ dLujJL£, J-i^-Lm. t, 1 

.Electron Optics 4^X1^1 ^b^-Ji 















^j^XJVi l-j^sLlu^^IIj j^ij U£ Rubella ^lll^Ji chi>^ 



* Quantum Mechanics^) iSLulSLu 



i Energy Levels iiLLJi ^b^_L 

.Relaxation *L>- jl^Vl 4iU^ ^<iml 4iUaJt 

.Excitation SjLtL^V* 4jJUx, ^^nj iuJUall i^JL^n ^jLail ^1 ^SAl 
oL^ Ionization Energy SjjU £>jL_Lh ^ j < <si ill 2l^IL=> ^JjL? til - 1 

Ij^jS ^-u^iU f&l SjjJl ISjG UljL^j SjjJl ^ j^-rtJj ^ja^SLlVl 




ijJU-Lr- 1 iillJLtl aJLfc ^aju J^rtJ iSjjJl Ji-b <jj^j£JVl 4^>^ ' ^h-i tiJlifc - 1 

. i^L^-i 1 L-.Lt.mj>- Ig-LaJL-S ^jJLu jjSU^ .4-^-^-4 L*jb L^JUjJS^ ^Ulua} \ -^9-^ 
ijJLo-L^ 1 <jLa tlJLfjL? j g SI^Lh l_jjJ5 SjjJl Ji-b ^^JSLfJ ^9-^3 ijJLa-L^ 1 
<4l Sl^Ifl L_jJLr- ^JljIj Jl " S^Lh ^ SjjJl J^i-s 

-Slip Sljlfl £yA (J$jjSJ^!\ L-JjJLil til <4jj tliii ^JLcailJ^ .Sjjdl JiVb LujJ^JSfc* JLiJ 

^^A—ui 3^i— ^ Cj3 4— <_tj^__L_rtl I uUjl. ujLJJtl Li J L L-4 J£ ^ 4 ilg l_>I JL&LluU 

fldSeLml (^SUjls ^UH^Lt iLu-aJJb ^jll^Jjl^JI <jL? lit Ul • Tightly Bound Particles 





. 3c Lui V 1 SjLlu qjUJj -i-i^U 1 ^lil, ^J^-ui j^SUl jjjtlll Jaiu SjjJtl I 

, tfU^t?- jJi-ua. J jJu^ o^SUl (^^^iiL S^iLh 

^.cL^Ij 4-§^laJl ^iu^ <<t? 4 tiij^L C<jij ^ qjjj-iil (j7 ^-^X\ J^LaJl • 




4jl*S^ 700 nm ( ^-^X\ Al^La q^j^a aSLLs l_c.lu-*^ > _ ^ 

(2.58xl0" 19 J , 0.29xl0" 35 kg , 0.86xl0" 27 kgm/s) 

luxA^i J^J 1 oL£ til yray 2db- Xray 4Jb- ^ CilijjjAII aH^l-u^S . V 

0.05nm y^lj lOOnm X 
(m x =2.01xl0" 35 kg , m^40.2xl0" 33 kg) 

( uii *>-t (?u < 4()m/s 4_c dJ >?tli 140kg I ^ 717 <T 3 JSJ ^$1* JjLall < u» *>-t . T 

(^=1.08xl0~ 37 m , Xe=1.7xl0' 5 m) 

^ lLa^UI JL^i^li o^jjJJI 45Lta L-i-ui-r-t 92.4MHz Lfc^jj k^-^A ^Ll Coj 3Lart-4 . t 

100 kW 4krtl I Sjji til 2uilill ^ 4iiuit Cilijj^ill ±Jjl l_u^I (tu i4^rtl I dlb 

(E=612.15xlO" 28 J , n=1.8xl0 29 s _1 ) 

^ Jbt^aJj ^| ^aa tl Jlc ^jul^-lu l-u-u-T- I 20kV 4ji JlJLa J^_r- <3jit] OjLH^l ^v^j-JU -0 

(«j 9.1 x 10" 31 kg <OiI£$ 1.6 x 10" 19 C 6l>^^ £ 2J0al» *LLj o^Li 



(v=0.838xl0 8 m/s , ^=0.868xl0 _11 m , P L =7.625xl0" 23 kgm/s) 
(Velocity=0.662xl0 6 m/s , V=1.25Volt) 

LjJLrtJ tiU 10 kg <\1\1£ (tu-as*- (JlC 100 kW 4jjJl3 ^La-ai L^j jjjj ^ 3$5J| l-u^I -V 

(F=0.67xlO" 3 N) 5 liUj 5 bji^XJi ^^Jl o£ lit 

j-lu-S ( Vt <, ?3 ^J^_ui j^,gSUt j-jjL-HI ^ <, mi dJ ^ Mj^tilh l!4.LA_2 liU £>-^l " ^ 

♦ S^itail ^JL^i 4jlUjJ| gulILh <^uALt 
. .ijjji^fl ^-a^tll ^La-luJ r } 1 j 4j_3-u_u_?t) 1 4_u-^ Lit) 1 lIulG t -V 



YW 





4-4 JL2_4 



2^33 p^' ^U 1 S-Lr-^J 1 4 <, 4Jtlh ^_)J Atom SjjJl 4_*i_' 

: (h _b AjJUaJI L—ijLrtU 1 J^A*- £^ SjjJl L_tj5j.Il 4ilil?_4 c_lj^-__J cLUjJ 1 



*( ^A^A ) Thompson j>^«a^>b3j_ 



4li_rt_aj _L?tjJ^ i^^joSiVl LAIS' 1 ^Jl ^U 1 4jj_*_ qj_jjL4$£_ _£>sj"t 0) 

6 

.0 - ^ T JSLlu). ^lJL-uJ 1 L-iUj^Si^l L^j3 ^^itlj 4-l^->4 ^uj^SLj 





«( \ ^ \ \ ) Rutherford - /_ j 3 /_ 



4_v id us ^-TtJ ( HC2) -ill L-iL^J-uju?" (jJjLio !M-t-m AJj^t-J 1 £Jj4> ^ ^ 

-4 

i 1 V - > V) JSLoj 10 cm ol^ l^<w» _-L_>jil ^ > J.?- 





I ill ^1 §^ f^ta. 



lJI 4 



j^JU t^JJLJ ^jLju q\ ^LTt-CiLu^J 1 

SjjJl f^LlA* <jj i>jL-iJL4 



( j r uJlJ 4-i-lu-J JbjJ-Y 

4l?t-AJl L^J Lluloj >^-£ 





* Rutherford' s Model ^ ^ j 3 >*j 



.Sl^ill Ji^l-i ij-^^-L 1 cjllrtAJl -i JjL = Sl^lh 
oj^l ^^jj^ 5) ^j, *j ^jj, ,^ ^| ^^Jj SjJdl -± 




tlAlrt-il-h^ 4-u^il 31^1)1 4l?t— oj cru l_j 1 S^JS <ji ^1} SjjJl ji^ S 7 ml ^j^jij liL^ " 

lI^jLsij L^jV tfJJi^ iSjjlai- 41SLA-4 4jjiiJJl aJLfc djlj! JLS^ ,4j^j^ l!>IjIJL4 S^U 1 
:4j! 4jjiiJJl aJLfc ^JJLL-aJ^ > mm N Uljl4 a^SLI 1 ^buiMl34>^ " di^-"*^- 4 4L^^ J 4 
L-^fcjjJb 4JL§Lta -Liiu 4jLs > 4bt_ju 4j_>^_£ 4l?tAj ^.i.mJ^ lLI^cj til 

^^JLitJ ^JLUb^ > 4bt_c ^j^b tlt^cJ o^SLj ^ -p 1 ^ jlJU ^2 Sl^iJl dlj-stlil Q$jJ£jy\ 

^Jji, Ia2 mi j ^Ir- lljjiJI?- 1 LlitL^ £ L-rtjj-b j! Jill ^Jlu^_u3 £ ^jlaJl S^i o^ 2 - 1 

.ji^h ^3 Jj-Lrtj V Ijifc jjSU^ £3jjJl jl^IIs £3I^Ul 

£ ^>.4.Lui.4 j-ua UaJl Cjlji t <i t N jl ^\ £4lSUi,l Cj^^jJlII (jJlc (j^J-^j q\ l-l^j jlSUJI 

j^tij Line Spectrum (Juta (JuL ui £4j.UaJi CjijLALlii ^JLkj 



. 5j_?- ^alc J£jj..*J S^Jbt^ 4ju^4 Jt^ta! Cjli I^^Iai- SjLa 




400 



El 



Ik 



/I (urn) 



400 



SOO 600 700 




500 600 700 



r ) Bohr' s Model j>j 3 y* E > 





.3 
3 




£4 
^3 




1 




jLUI a ■ \\\ a Tl 



Shells 2lJAL^\ 

:4xjVI SuL^h 2$y&S\ o^JjiJt L^jJi t^Lisi («j 
jtUr; <GUa (E2>E^)Ej <L-L_§ik> ^^yli-b jl JL-4 

^S) glsL-uiVl ^ 4j-*£ diJJJ 4^1} 

hv= E 2 -E 1 



3j jib 43 Hail CjU^Lux^ 



iiLkJI 



1 1 : a 



.(V-^t JSLi)(n= 1,2,3 al^jtdtl jkSii^^O 



(n = 2 or 3 or 4 ) 41* J^) cb^i^ 




Ia^5 ^ 10 



n=8 
n=6 



/] =5 



/j = 4; 



£ 4 = -0.85 eV 



n = 3; 

£ 3 = - 1.51 eV 



n =2; 

Ej = - 3.39 eV 



121.5 ran 



102.6 nm 



97.2 nm 



N 



n = i; 

£, =- 13.6 eV 



mnnnr 



m 



"""" 



I: 



[R 



IR 



6563 nm 
■486.1 nm 
434.0 nm... 
-M-410.2 nm Vlslble 
--397,0 nm 
388.9 nm 



Ultaviolet 




J2_l1j cu_^ Leyman o 1 -*— ^ 5ul^_4_*_4 - > 

> (n = 1) K ^ 7 ,„tt ^jj oi^—SLtv* 

. 4jJLc Ciliijj^ Sj-u^aJ ^rT^ 4 J 1 ^^ 1 

jZi^ (ll — 2) L J^-LluV (j^l L-Aiiit Cjb^-Lmtj 




^7 nil! ^Jj Lj-IjJ* Cjbj 7 mil o^jJSHVl j;?7ij lIo^ Bracket d£i 2Lc^-4-?t-4 - 1 

.c> j 4 rJl lI^cj 4 a u&l 4 lLaJ * ^ 4 4 stl I <>JUfc jJij^ = 4) N 



^j-Lmtl ^Jj I Aa}\ Cjl—Jj-Lmtj JyJ ^jj^JSUVl JiLIu Jlu-?- Pfund Jb^-S 4_c^_4_?t-4 -0 



: Spectrometer JaLdail 




(Spectrometer) L^Ukti 3^Lc ^ jl 






(JlC 4 1* i*M dDJJ .jj^Sfl O*^* 3jt-u& 4Jj*>-4 j-^J 

^<U-a-J Aj-r^-t 1 Jljla^fl lL^^H] ^JjL IjLJj^J (J<nVwj j^jJl * ^itM 1 ui - 






.(\ • - \ r JSLui) jliJl Ij^J 4jlai>Jl L^bujVl JiLLai ^ 4^>Ll 

JJUjj .Absorption Spectra ^^aiJi 



r*9 1> L 



vl3 



X-Rays Slow* 2U£Vf 



8 

.(10 m,10 







IS 






Coolidge ^ja^ssu^j? 



^i) 2u-j^ii j^u^ Continuous Spectrum S^-^ l_^^L> -1 

3^U ojSlil j^iiaJl J-Uj 4j-^^-4 Sfljkl JjUj Line Spectrum JL*±- l^As 



: 4-L-U-m J I SjuirVI JJ^J ju. 



:J T u*il h>tl LiLdail -I 



1 
I 



4_bt_4 JrtJ^ iSjjJl j^Ulj ^Lc* iill^ 

0.08 0-12 ^IJ^JI 

.jjlUI ^la-oj^J <j^^ Jjialt ((-A J^lt 

* S3 Mall ^ Hard SjujAIi 33^1 1 (ajJu.^JO 4*Jlv ^^I* Jjlall i_iLa^ JSUj -V 





_ j,.i.,ImJ 1 






1 Ji 1 


1 1 1 



/0.04 



h x -j- = (AE) 



(13-1) 

Ii fii iULL* LcIjl-uj 1 jjlu^j^ < Scattering culA lLU^L^_U> a^cL L^ISik J2Ia 
.Soft cnlh 3 ) Bremstrahlung (au ^1) ^jISJi 4*^1 

.(4jlLluJ| 4a^'M1 j<iua{\ Lk^i\) j <t7n.lt ^LajiVl \1*> 



X 4 ? iii'f ^9-*-j! 




I Jj-ii-H Jj) T H 



^OJ-rt-U L^uLLi ^uj.luJ 1 4a-Lu^l ^jLiii- (Hjfci Jv4 - ^ 

JL Sfc) 1 Jj>J 4 ujlJ I 4 tfUj-J 

o£Jj lLjj^ Diffraction Grating 
^ ^jLiseJLuj diljdj .iLiil! ^Ll Sj-i^Sjjii l$l -V 

££j*All j^uSLll JbJLst-U filial I ^J^iJ ^Ll 3j-li L^is iiUtllt 4jlu»LS* <^ll 4-2l_ui -V 

Aili Q^SJ 






^1 ^JjlLall LL^ (jKJ {jjj^fl j1JLL4 ^L-aJ (tl V) ^Illta^ Vi)^jJ LcLa_Ui 1 

hv= E2-E! 

jjLaill ^j^h 22L>1a 



Ly s\ 4jL-oii i^MLui l^Ll ^1 1 % 7* < iLlj 4is jjuj ^jljJ i jiij Rontgen 

^ 3 i JU^rtil ^Cj^LLJ 1 l-u^HI ^3 4a_LuVl ^JLi^JLoJ • 




^Jll^ Aj^-O 1 JLijeL-ub X 4a-Lu! JjJ^j lLLjL-J 1 J^i£ (IUujJ ^Lui 3 - W 

. I4J J-k^Ill < %^Uti ^ 4^u. LU Jt 4*2uMJ ^-jr^-L 1 * ^^J 1 cnj ojU - ^ ^ 

4u.<r-uJj 4a-Lubii J^-IL 1 < kjaJij 3-^-4-1 1 1 < ji^tt J£ Jj-LrtJ lJ^j-? - ^ Y 

,4nifi)tt 4a-Lu^b 4ua liJ I ^ULliLiIJ* - > Y 

. JjbLpVl ■ kita -t j-^l laIoVI 1 kits -T 




3 
J 





Laser jjJJI 



J4L£ £jl>JI J-oiJI 



2^ ,U7ti ^Ijji g^al $ £ L^^jlJ^ Ul^^J^Jl-^J* cLuoSLh tSuu^Lj^n ^all j-jL^i 

Light Amplification by Stimulated Emission of Radiation 

J/! 5ulILu3 ^ Maiman jLu_4 ^SLj^—^i ^LjJI J^>>i ^ ♦ ^L_c ^ 
e^jbth j34^ 4^-^ o^- 4 * .fjijSLJb p»U t i Ruby cj^UJI ^ Sj^ib 

. j)xU> ^ Aidiitl I ^t^i^l l^ulS^j ^I^j (aj iHe-Ne jJjJ Ji* 



Stimulated Emission il^Lai) £LjlajV)j Spontaneous Emission ^Ui£ttl ljLsuoVi 



b j 4 j lil^ .4_pL_3i_n I g 7 Tl ^ 3jjJl ^ 1 a JL -=rb m ^jlJI ^3 <Ground State 

4jjb 4_\_JLS II iLbjJi ua\ s \ ^ SiLaJ bj-^j^ Ej Cr^J^ J^?" uA ,i4 Slt^t 

lil^ Excited States 3jjJt SjIj! C^bj ">m ^ C^bj 7 mil cju* qLs <E 4 , E 3 , E 2 
3ji Hsjls lil .Excited Atom 3jbU 3ji o^Sj C^bj 7 uAj sjl* jl^I ^ 3jjJl CjJL^I^j 
i4ilLJ| Jy: jJLill IJLfc ^IaJ 3jjJl oL^ £ (E 2 - Ej) 4li$Lb> o>i^J 4J^bsJl L^JJb- ^ 
4JLfc (fcjr 4-t^Li *E 2 4lilia jJLj j^jJl Ji^t Sjlj^fl j;xL-u-4 ^1 ^g^lt-atj JyJ ^2jj2$ 

-8 

JSbfu ^JLl I g c b 3jIj^I Jy: _ Lifetime ^-aall 5^1^ ml _ (10 s ^1^) 

- > t jSbfu) 4J^Lall L^ilLr- to^J^ 





djUJl JjU-oVI Spontaneous Emission ^Uiilh gj <* niVl lii* 



-e- 



hv = E 2 - Ei 



Ex 



■e- 



tlllLto ^Qilh ^U-iVl ujI> ^» <G1 Einstein ^ u ^jy ^Ul <^a$ 

^ djLail JjLsloVI Stimulated Emission <*w7nitl ^U-fi/ifl uxj iSjjJl ^ jiH 

^a _ JaJJb SjLL* 3ji ^Jji, (E^ - E^) 4l5LL^ o^lS^a IzJLlu til . (j^Lh j^L^a * 

^loj ^1 SjjJl o^j^JJl Ijl^ <jLa _ i^^-a-h SjJLa ^L^JljI E 2 SjIjVI ^jJLluu* 

E 2 E 2 



-e- 



Ei 



hv=E 2 -E, 
Ei 

ijj *UJJ ^9 a/U] jJL> &>j 



.(V-U JSLii) ^j^l ^7m»U ^JSjJdl 






• ^lallJl L^lioVl 
tJ^rtl^ait ljIjloV^ ^jLiilh ljIaxjVI AjJLJt iGjLLU ^^Juj 



^ 3jl Lt! cjIjlU! J* L 

J31 jJ^I ^^JL^ ^1 SjIj^I ^^jl^ 
JSLai ^Lc (jSJ^LuiXi ^sj ^_iiujj) < 43 Hail 

Monochromatic 1^ 

^yLc ijL^i^ ^ Coherent j^LJi 
.Collimated uuj a^i jsl^ 

L*jL_<1^j! siIIj] UjIj ^L* uM 3jL_ai J^ij 
£\ * ui JLujjj ^Z*) 4jI ^yL?- <^_^SjJ! 

3j_4 4)1 1^7 m!j j <t fltl ^Jj j3-^ 

^ Scattering ^1 03^ o^j^ 1 

^ ^Ll Spreading ji ^ 



3jl Lt! cjIjlU! L 

^ 4La Ji] jJ^I 3jIj^1 ^ 



^ Lifetime UjL^j ^3 ^l^Ij! dii^ 



L^LJl-Ls <t ^ i j!>-t3^! (3-^ 

3jl^ l-l^i^j ^A_5tJ i Spreadingjl ^ 








j j LiJI f j^xll jfjJI | yj^|jajl ypjjj 



:Monochromaticity c LiU> - > 

JL^-I^ll o^ill CA^ ^1 ^ lAaulS t -u uj J-^J L^jJj^) 4jL^il Jl_jLaVI {y> 

<j-4 '-L-?- JjJLui JL4 4l j.t^tf 3 I'JL^-I^ Lei! «t*> iLais- gtHj j}^) 1 j^L^ 4 La! 

4jS ^1 £ > t JSLuj) ^J-jrtl I <^>ll JjLaJl \1*> die 5 J A tt j^MJJ .AJlj^U 

.Monochromatic Light ^y^-t 1 J^tJt 

: Collimation 4ju^J1 iuJ^Jl <iJ'>* 







4JbjIo uUiLmI <Uj!^!L* *Ua)^ ^3 







^L^lu (jJl£- CLujLc (jj&ic (jJ^ Jj-^ ^jjt-Oi 




j3^i g^U uu cIjUI Mill ^jiLi 



Jtij 4_4)rtl> ^3 jLi j^U 1 ^LtiL ^ ,(u - > t JSLii) (Scattering) r<7 7tl 2btJuj 

^jLju 4Jj^24 Sj^uiij AJu^u^J 1 ^3jrtl 1 tfJt^rtZ) JlJp- £ Ataxia dl^L-ol jLlLuljVI cLUjI LLjIj 

Coherence 1^1 jU I -V 

^>Jl£ ^ jx£ L-bML?-b jyLLLJuj^ > 4idl^4 Ajuu^j CjitLrJ ^ jltVo Jijp- £ Incoherent 4Laj|jJU 

.(0- M JSLii) S-Lii Igiastj .ib^ CjLaLol 

Intensity SjlAII -i 

J2j lLJl^ f^mSLaJl ^Jlj^jlII j^jULI 4J^laJl j^Lual 1 Jya 4ia-ui,l 4A J ^tlaJ 1 4auui^\ Xju^bcJ 




TTT 




U HI 



^ ,„ti I Jjfc JL3U L*l£ mil JyJ JjL^L^uI 1 3JL-?^ ^iiL 4ta_§LuJl 4-Jl J J 1 3du5Jl 

* (it - ^ t JSLoj) <^luSjJ| xjlIjjI* o^jLil Uuta 4jLj^4 I^J^J fJLc ^jjlaJl 

»^mSLaJt jJu^U 1 q^jLil j-tliijeJ 





^-U-S-jJ 1 J-LJ^—U 1 <J£jLJi) 1 tt^> 4jJ_t^_4 





JlaAJt la^uj^l) Cjlljj^ ^L>^ J^^Jt cjt^ Laser Action ^jJjlIII JaAJt -uI^j 
^jlc I g .La j^Sj ^Ih iJLrtJi i Population Inversion ^^Sait jLSLuVl 4Jb- ^1 j>Jil)t 
4^>jJJl U^li ^Lr- Ljb^LuJj ^ L^^-iii Jyj j_xSS U.LsJ> SjIjVI Cibjmi 4 ^ CjIjJJI 

^ uj^ll J!M_?- bbj^ bLfci L^jjij— 4 die L^^jlc p ?e ila L q] Jl^-Lml 1 ljLs-uVI CjUjJjJJ 
Cjlji J^r- pl^a . Jnii i j-4 ,_^U,„ ^ 4jJUll,i CjUuISajVI 2L?tUJ i Active Medium JUiJl 

.(V - U JSbi ) Stimulated Emission c^luA,\ ljLsujVLj ^buiVl ^juSj 4iUe 



Lie 4j>Ij l^jlilla^ L^liSLu/l^ L^bt_r-> <_fl!iAIi-l (^k. Jj-JlUI JjJ^J SJ^-r-l ^Vo-^ili 

ojSj 1-4 J < j34^* ilbaJJl 3^Ut :Active Medium JbaJJl .t^ ni^lt - > 

<LjJm 5llL^ ^1^4 Ruby ^llkail C^JaLJl JL4 < Crystalline Solids iuJLa Cjlj^b 
CjUlu^ .Q *<r ^^liJl J^iiJO o^SLtL-^Jl lLIj^L JI4 i Semiconductors 4l^>^4 
Jl-4 4Jjbc Cjlji .cU> ^ 4jIjlLI 4jj ^ * t* CjI * < ^ti Jj_4 £ Liquid Dye 4.bl_^ 

.p^J^SLfl JUu-a^S jl£ JjU AJjLc. 

■U ,„yt clib^jj $\ Cjlji ljLoS! 4JjTr »ll :Sources of Energy j^L^ - V 

US ^3 j^jlII* juJ^H I^JjIj^ 2uj}th 43LLJ1 JUAJ* 

x^^LmU S^LlI 1 AJui^SLf 1 jUal-ujt ^ Jl^li^ :4JUj gStl A^lLiJb SjIjV* (j) 

i Radio Frequency Waves (RF) Aj^pi ^Jl Cjb^ jJlII j^U^i-4 ^I^VT nit b^JLr-S 
i j <t7 M<4 jLc jL^-r- Electric Discharge gSLh gj; ^7tt ^tJLi^T , ^btlt 
fUni SI ^jIj jLc j3jJ JI4 iibjUJt j^-j-U* 33-^ 1 cj3 bJLc ^btlt ^llt ^JiijeL^ 

: Uj4> ^liLlIi^ j^juk^^j pU (^SUj^ .Optical Pumping 




TYO 





.(C^SUJl jJjJ ^3 US) ajJLjJi SjJlSJ! Cjli Flash Lamps qj\j^X\ - 

£Jj~4 Joj Cj^LcUuII dili JUL* . j34^ £buj /rl_uj ^yk- U^L^j^T cj^J l^Jp 



:Resonant Cavity ^Llj^J 1 lJ^jj y 7tt - T 



I 



/ 



\ 



4jl Ilj a 4a1I Jl_3L-iJ! ( j r IjL^_j J-o-ju 



\ 




] External Resonant ^jU>- tj^J (0 
JSLlu ^ylii ujSb$ i Cavity 
jjSj tljL-rtj ilLaJJl SjU,! U-jljn (s> tJ 

US Amplification jj <>Jl jJuSIll 4iUc 
. (1 Y-U) JSLfi.2b}liII ^Ij&ill^ 

Internal Resonant Cavity ^^b ^Ijjj lIl^ *j 

^ USiillaiJl SjLU U^IjJ jlj.u-a.JtJ ^jIj-^S 

j3 JlJ JjL- 4 4—4 L.C 4-Jl_L3.J CjIj^JlIJI 

J3j^ in ^ Semitransparent SjJlI* 4 < *i 
. (A-U JSLi) SjlI^UI j3j.UI 4^1 



( j y L?-!^ j^v-LJj (JaJ^StJ 






/ t-^ SI i n ^j^^-a 



J W\WW* ! * i 



_0__£) — 0^-0 a^V) <LfL±l 



-0-0-0- 



-0- 



6jLjUJ ^L^AjguO j*H9-!* n^j^Laj 




{-)- 




(0 



(■»■) 



U) 




U HI 




*3 



£2 




Sjli* Ail* 





— 99999 / E 2 



-£ 3 
- J » » 



^2 



/ -AWvWW 
/ AWMV> 



£1 




(Helium - Neon Laser) <jj^ m ?jjJ^\jjjJ 




Q^-Li ~ j>^jlLa Jj^^ tlaiieJ 




■LiA.Lr- l^j JjjI^SLh £bj-j (j- 4 aj^-o 1 - ^ 
1:10 4 i mlj jLc^ f^jJl^h jLc 

Jli) 0.6mmHg 

4jLcJj-Lt.tJu4 4jLjTj-4 aj^-ljV 1 ^IjL^j jlLc -V 
Electric Discharge ^j^S lj! j>V J>b 



j^JLJ 3 J Ll> V 1 Cjb^L-a^ (AA-i L_JjLZi AJSJUJ O^^ 1 tli^ji ^Jj SjUli 1 ^^JlI^J 1 tlilji 



Lu-luj aJj^L^ S^JLii-i 3jlo_Ij iiLLs ^^Llu-a SjlllJ o>i^h CjIjjJ (aS^ Jl>-Lrtj -T 






20 



15 



10 - 



5 - 



JV j ll * HI ^ i * m N ^- 
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IJLfc ^ lu-Jj i ( 10 S ^^—r-) 

j ft 7 mi tj <Ll_oj ujuLLj ^jJLmtj 

dJ , Metastable State 

jLc ^ Population Inversion 

LjuULLj Itaj-iA L^jjIjJ qj_Jul1| 



He-Ne 

JLLLil 

.-■ . ^ ^ M 



{6328 nm) 



2 l S 



2 3 S 



339 urn 







J^L?- 41a £>-^! i L>i JL - 4 ^! Ji-t^ ^La— luV 1 SjLlu J-t^aJ jlc -A 

^ g-Im-U . 4j^_o^i Ji-i^ ^Ia-luV 1 ^,iLl ^,iLuj < J>-J^ £bt-LU Sj^u^ ^ SjLdlil <L_uj Sij-t 1 

O^b SjJ^i S^>I^ JJU -LLSlj L^jL^ JS^fl ^gjlmll ^Jj jJa-L^ ^U 1 cjljjJ 4 i.lujJ b - °\ 

♦ IJlSLfcj ^j^lmtj 3 j Ll> V 1 (j^LuA, 43liaJb LfcJUJ^ *t£>^ cjlji 



j^jJit ^ ci>>"i ^'^J 1 tllll^ JjLiib i ^U, 1 L-uLU ^ilSb U l^Ju4^ i -U-Lrtl 1 j-jije-Li^ 

: Cjt L U j^j-U* ^IaAJ 4juLU> CilSnUTtt <t&\ {ja .Star War l-j^ 






r^tj (^-lu-TsJ 1 ^rt^ <u cIJjJlj ^D 1 4Juj uaJl 4j_luV1 gJi-^Jt-L ^LjjlJJ-VI j^_u^ OjSuLi 

^jlil ^1 tlaJj p^-u $si\ ^d^jLM j 1 ILaJiLh jj-4 J£ £^ jl Loll <^a LJ^ 1 

5f\ uA\ ^ I g 1 u L«_L-2 L-bM_L?-Vl L-uLrtj _ J^-j?cj cL^.i> ^ m< ^1 4 ^ AVI 

271 

A 

.Plane Image 4j^Lai1 SjjjMI o£j U > t^*\ 4jljjjI-J1 SjlUI ^ <_a}Gi-¥l ^LulU 

_ Jj^j J^Urtl* _ Gabor j^jL?- ^>?tl > ^UJt ^>I^t > °V t A ^Lc ^ 

5uj^ i Reference Beam Ajjt^it 4ji_^V» I^jl^oj J^LJ> L^l ci^i 

4.UL?-cL^li> (tu-u yj\ tlljJu ^U 1 4 ^ niVt J-4 4^ niVt c>Jj4> ^ lUi . 4Jj >^_LL> 4 ^ niVt ^ 
^Lj}-^ L>Jy ^J^-^sJ 1 Ji^ 1 JU 1 S^lii diJjJ 4-rt_Lu Jj-L?cj . ^.U 1 jlc cULU 1 (tuJj . lLU^-Ijl!, 1 
Sj^_u^ 4__?cJ UJ 1 Ji-ljLUl l-jJL^ j ^tA" ^JJ 1 ^y^A- q-TeJ JLa-J^ .4jl_luV1 

J^LJl L^l jJjJ 4^ ^l^r-^J^ll ^j^W .Hologram ^Ij^j-^l^il I g\ 

i4j^ill i>^Laji (n-t-a^-.U L4LC1 415L4.4 Sj^ua ^gjj fS^^rtl I ^alb ^laJJb^ (^^^^il 

4la_Lul dlj^J^a jJLuii^ ^L\3e-L.ob tliJi jjLJJ?e3 jjSLoJ V . JjL_tj -Lil, ^1 Jl^Llm\ 

, jjjJJ 1 4*2u1 ^a la-ia ^a^U \ jl^^ .4Laj|^i4 

t^k. J^-^rt-U fjA-Tnitl ^j^a-Jl aIUU* ^^joj Y - U) jSlAJl ni^ft 

. JL^-I^Jl ^I^Jj-^J^il (^^^iiL j^-uiiJl CjljJaiL j^-Jj-^ *j3^^ ^liiu 4^ Mit^J ^I^Jj-^J^ll 




TTT 





S^iti (<w-4JLi Diffraction Grating 
^ CujSj ^U 1 ( Patterns Ci^ft *i7tl ^rMl 

j ^tA" i^LjjL^j-Ll 4a_Lu^li JjUU, 1 *>L?cjV1 ^ flj^jlj^Jl Jlc .^Ij^j-^l^il 

4_a_oj>U JjULU l_ljL?JI ^ Real Image 2uJLJL> 3j^> o^Sj [2^\ JSL^j JSLf 

4_clil, O^So-J oL>0 l1IUu4> <jL£ . 4_ojLoj lLjuJz $ til > \jX* l_ljL?- qjjlJlj ^ 4-LAJ^j-tl 

4Jl_u3 j L4 .^Ij^j-^l^il Sjljjlc ^?3^$ .{\ \ - \t JSLlu) gJjJJl 
CA<>1\ cLk) ^JJl . Transmission Hologram j^Hh ^ >^^J^t ^ 4jJLc 
. ot^JU Sj^u^J 1 ^gtA^i jjSU^ .^1^ ^jjIaj cLI^_j Lu2_ji c£-*J3 < Y - ^ i JSLlu) 
\^^^^^^U^^^^L^^^eflectio^ 



,>!jj>-^^iLj 4j$SL4 








^1 



"Si! 





1 



I < Embossed Hologram jjLJt jj^f^i ^ L^J jl^j U£ .LusjI ^jj! *^uaj 

(jpLdJ ^Ijj^JjA 4 a iJk ajl t 7 c \ jS-Ajj t ^oLaJ 1 ^iajj^l c^_u^Jb -c_J&!jij 

Pulse Hologram 2l^._lU> j^^J^a -lt-^j .^1 j^^J^ii o^-!rK) <3f 

^lillL^ ^[j^-^i^^ O^LaJ diJjJ j3-J-f c^_ui ^ CjI us U ^JLije-Li-oJ ^jJ^ 

(jjL-ui t£lj-?tZi ^Lm-^> 4j^j j^SL^s <jisjjLh ^laJJl jjLZlU t^laj^ .£^-xj£ f\*juj^-\ $ 






b^L*- Retina 4 aSL <lll 

(AjJ (*J U » Igliula^ jUaiuYb AjL^iX 1 sJJj^Yl 
.jLl3.jYI (^iiL L^Iij ji t^-*-^ JtiiaJJ 4JlSLu111 fb 

ol a j 4^1 J/l 311 sJl tiJjlJLi ftu 

^ ^ iLJb 4JLa gull ILxSLlAJI c I g \ ^ 

^Lf> J>-liJl 4 t nil o> VI ij^J^Jt-j-? IJLj ^ 

^ (*I5 (M - U JSLii) fbtHYl 4JlUa3 i JL^rJ I $ 
j^JuJl <jLibl J^L?- jJjJJl 4jlluI ^ 4-3Ll3j ^U}-?- t_ijj*aj Jld_?- iAjbLLJl ^ 5jjLA.ua ^l>?"l 
^UjI 4^ JL^* 4a2lY Ajji^rtl i iilLJi J^sl^ i( 53^Ill ^1 jUaJtjVb l_>I <M,I c>rt)i ^1 
I^IjU^ . ajlt-Lj ^ 4aSLlAJ| JLajul j\jj^Llm\ ^vA-jJ 1 4jU^ (aU iliJjb .^btHVl 4A.U.C 

.0 0- \t JSbi) SjHiUl £t o^jjll 




.(U-U JSLi) Endoscopes ^J^LUl 




2 jjlj u^J> 4_X J±-4 4Jj^ mi ^tl cjVLrtl \ ^ - -fc 

2ul_£oIi JjU SJt ^ Precision Guidance 2uJLc a j 

.LADAR (Laser Radar) jjJLh jbtjJ Smart Bombs 

(CDs j^-j-U* ^ii) 2l^4jlLi Jj-rt^aU* 

.OV-U JSLi) 

S^U> I^jJLl Drum 4^U,J ^Jl jj^ju^SUI ^ CjL^LslU 

.Toner ^tll 

^Lu^^ CjL^Ua.U jbJLrtll Surveying A^Uail JU^i 





.(^^^jli- <Ji-Jb o^Jb^ UuLiij ^aaJl S^Ia ^L^IjI Jju aSLLs 
.(^lijjJl L^iJ^rtU* Ji^b ."^Tnilt <JjLs_oVb jtU^ti glsujVl ^liuuaj -T 



jUill jpUj Im^ll 




jtA* Jjlaj ^u^ii AJlSLuIJ 1 J^X- J^- 4 ' .Utl ^fl - V 

.j^lUI 4*^1 -V 



j^jL^2_rtl 1 £Jj4> ^4 ^Lib , j^-jLu^S- SjLaj jpLaJ 1 c^-u^J 1 j^U 1 c^_ui " V 

jJJlUI J^jL jjLc4 Jju^aJulb ^ib - t 

Sjj-JlUI ^Lsuj ^HjJ ^iiJjJl L^iJ^rtU* <b ^^Li ^jdl j^jJ 1 ^ U -1 

La ^-u^lLc 4j!>Ij ^ I g c LaMl>! ^Jj~ -V 

Sj^jJit Jbts U ,,i^< c^**^ f^Jii^-h J ^ jl^-^ 1 f«u (jjL-u! ^1 - A 

$Ofcb - f^ll^J 1 jjjj j^JilJt JjJ^J ^ f^W 1 j^lc tfb f^is ^Jlh J^JL^ U 

• O^b - f^ll^J 1 jjjj jL^r- ^ j3^* £buj JjJ^j ftu l^iJl£ Jju^iuJb £>uji - ^ * 



jiLdbJI Jjaill 



L^jS ^Ir- ^ajVij CjL^j^JSLft^ ^ MjL* Uj-Lij ^bJl JL^-Aj 



^ ^^1x4 CjLujjJSIJVi io^SJ^\ Electronics CjUu^^JSJV! J^>i 
ojijJSU^^ Free Electron j^Jl o^SS^\ <o^.7SJ!yU oLHL^ dill* <^j^ISJyt dl^L* 
z\jy±ai} j^aJfeJ -o^jjiudi^ 4j^_oi 4Jb- ^ U^-^rtl > <jj^3LfVl .Bound Electron juJU> 

Laji-b 4-lL^> 3 1 41jL-u ^jLc- (jyh L4) o^SIj ^l^-L^ .3^Ul ( t ^ LU -T 3^ hSj^T 

(CjLLj^ 3O Cjlji jLi i Solid State SjlsLtJI 4lbJl Lj bU IU,»^ ^^Sj aJjL^JI 





4^Llu.1J q$ S^^el I (jJlaJLj cjI£I^JJ| £Jj4> V UuSU^ L^Jlj J^iilJ jjSJ^ . I^jIJjI 

.4j ^alt o^-fcJ cAA' ^jjlaJl cjU^J^iJ ^jj-^U Jjtail ^ ^JuSLj ^JLua I AJuJlJ 1 



cjr^-^i SjjJl 4jUL> 1—1 i-luJ 1 Ijl^^ 4_LiLL^ ^4 SjjJl Jj^ 1 ^ 

4l ojlmSUVI > .SjJLh jl j £7 nit j^lu tjj4>^ .Binding Energy laj>h 4iL£a iilLJi 
cjb^L-i^4 J^j Ijlt*^ JjiAj i Bohr j^j Discrete ^uj^J 1 4 4311a 

aju* ^ jZJ 4iila ^UJii ^,.Lc J^irtj q\ 41SL*j £ l^j q <t rntj Energy Levels aSUall 
dili .Quantum Mechanics ^SUl ISjljISjl* SjjJl J^-b oj^ISLiyi .C^\j^LuA,\ 

L_jiL?cJ S^Db <jj^jSLftfl iaJjJ L4 . SjjJ 1 Ji-li <j_$jj5LfVl cUL ^ mju tjjfcj 

.aJbtfS 

0>*>-3 L v^L^._L4> (^Jjla 4_§lla ^jjijJlSUJ l-llu-L^ 1 til La! .^jJLmtl 1 Jta Ulia 

43Uail -LlilJ J^V 1 ^jJLmlt ^Jj ^Jj Jilllj 4jL^ . 

-j) Excitation Sji f 7 a iU r ^ 3 j <i " ><» 4 a i!U r lIJIIa oL^ 



.Ground State ^^vi ^7^,11 g^^Ji ajJUui ^3 £ Relaxation ^Li^ ^l^Vi 



.Semiconductors CjM^^U £>Lui^ Insulators Jjl^aJ^ Conductors 

.(ij^lail J^) aijg-m^ SjljjStll^ AAJ^SLh ^U 1 tJj^Lu^^I, 1 



. (di-cl^j yuJ 1 3 L-tAiJl J^) Sjlj^Jl^ 4Ju^SLfl J^> V ^U 1 : Jj^aJl 

^yfl Jll 1 J J.U ^j-uJLlA ljjlJjJ Sj^JLJl) 4 i 4 ^LmJ 

^^-L?cj diJjj^ .Outer Shell iU-^jLiJl 3j *< aS\ J-oJSj J^A_rtj 

4ta-Lij-4 i4Jili-ljJl tlib^JLuiil Cjb^jJSLh J^Sf 1 f^U 1 .q^SjlLuluJI tlibjijJSLh ^ /vA_c^j 

^ J^fllSUl CjU^jJSJJ ^jUJt ^Ut .SjJJt St^ij bj_jv .fc u jjj < Tightly Bound SjuIj 
.4ilA-Jt CjI^LoII SS^rJt ^ jo^S L^J_j Valence Electrons Ik^jliJl S^Aili 
4-aJiLuj Sj^iJl ^ JjljjJl ^Ju I^jIjijJI jA^- (-^V- \ JSLoj) ^lii^tll. 1 3jlj.rt!l Jl^b-j^ 
Sjlj^Jl ^TJ-* ^Lijjb <GS VI ♦ jJUtil jtj-c (^AiL Sj^r- Ljb^jJSLh SiLrtf ! *>J.fc ^ 
• S>> CjbjjJSLh Qu^i$ l^tajl^j ^ Jjb^jJSU^fl ^v^-3t-i j^lLiils Bonds 1^jIj>jJ| ^sju j-mSoj 
4lc j-lju Broken Bond Sj^SLlt 4^jI jJi ^ LcjLi blSU ^tj^ oj^JSJVl I jla JL4 tfj 





^Q^Ij +14e 

+4e jZszA L_ti^j (-14e ^iJLai 

-4e 2lJLai l^Ilatii ^-jLftJl 









L-iUi: 4l^LaJU SjjJl o^i -CP- ^ JSLoj) U-^j o^JSLft^ oL£ ^1 Hole S^-ilb 

il^LaJU SjjJl ^jajla *3j^l JI^Lj a^JSLfV 1 ^ 4taj1j ^ Ul <^i>-T U^jJSUl 

♦ QSLfc^ i£>^ ^LsjIj ^il S^s&iJl J^juj^ itltjl^ 

JS\ Lu\ 3J Cij^S Sjl^J \ 4^ UK 2^,^, ^ 

Dynamic Equilibrium ^Sj^LIjjJ* o^JjVI £y* 4lL^ Sj^-UJ* Ju-oj 
ilajlj^Jl ^ AlxLis 3 1 VI j LoSIiV i Thermal Equilibrium ^jl ol>iVl ^^ii'i 

JSLf 3^_rt) » Cj^tid^ 3^_rt)i CjUjijJSLft^ Jy> lIuLj ^J_c lLHJu4> 4jL^J| ^ rt i \ t .4_oLU> 
idlj^tZS (JJ) Ciljj^SJVl <> cJLtll J±£ 5>sJl Cilij^JSJVl jLi dili 

.2uj^ui 4jjI 4311a JSLii (^k. 431LJI ^iLiIi Recombination 4LljI ^J 1 ^lllf> 



Q Q 

XXX 




9=w 




:Doping (i-&\jAi\ 2l£Lil) ^-oil^i 




I ^Mnil ni Jjl-^Jj Jmpurities ^ij^iil 

Sb (J^jlIj^ _gl P j^ii-uj^JJl JjU judaic 

JM-r-J <GLi ^ * Pentavalent iic^rtl I 






^_4-?t_4 ojSLs ^ otjjt Jjj_rtjj .Donor 

. 4Lrt_iJ> f^^rt^ = 2jl^-^X\ 4LrtAJ> 

(15-1) 



n = p + N D 




^SLaJb^ .n-type ^ ^ £±\X\ ^ P o- 4 

6j I C $ B O^J^J Al fjJLJLdjli Cjlji Vt h \f>\ \l\ 

4-o Lei J 1 3ji L-LLtLSj ILfc < (1 - > JSLoj) j?^_Lii 3 
p = N A +n (15-2) 



oi jLsej J^r-^n jjl^t- .Acceptor aiiSTnilt Sjj-h SjjJi JJu ti r^ 



A ^* — rf fc 



np= n- 2 



A ffi — A 



(15-3) 

p^Ali n lil tfGS ^ w ]\ o^SLik uJl 4JI 

Mass Ac- iliSLh Ja_^ o^LS 1^ .^SLjJL^ 
: J^Zj L-tjj^Ilt Jjlu-j (^k. jjSL*j^ .tion Law 
n - type aib* ^ 



n = N, 



D 



P = n i 2 /N D 



P = N, 



n = ni 2 /N A 



(15 - 4) 
(15-5) 

p - type idb- <^a_j 
(15-6) 

(15-7) 



*Electronic Components and Devices ^-uj>ls^y 1 dajLJJi jf£Ljjfitf 



a <^v> J£ I g juk (^Laj ^Lh clLJt cjIjl^j Devices I^LuJ^ CiL^SUj 

L JiL^i > l_^U^ R 2ujmi J-L4 uo CjU^SLLI c>jji> . (V- > JSLii) IL^jJSLftf) 

1^5 Luj iUj^-ui I^jLu JL4) 4-^^J?eL4 ^ji^i I^jLxj La^ *<Lci^jb Transistor 
^LjJ JjLui^^i Sensors d 










m > 






^^^^^^ CaY- ^ JSL^) ^^^^^^^^^^ 



■I* ^ i' 






*pn Junction SLpLuJlSLL^^ll 



11 

pn Junction 2_iSLliJi ajLajJi 
ojj* < p-type £$lh n-type 

Cjti cjA$ ~ p-type jLa 4lLrtJt 

diijL^ . JjlAS L^j Ljl^-stJih >jl-£>5 oi n-type SJiLajL* ^jj ^>_iJlj - JLc J-^-Sjj 
Jj£>Ih Ciii p-type ^ j mJV; ^JUll n-type i^kl* ^ Cilij^SUVi 

^ n-type 4_JLL^i^ dU^-iSLh 3j— oLs 
* ^ ^ 4JL_oj p-type 4JLLal4 dl^-j?t_a 

JyJ 4 jJl i- 4 alaLa dLti JyiL gJljj Jl^j—St i]> 

^ {Jj-^^ 4Jl_^Ij tjr ^ 4-lJLuj CjIjjjI^ 4Jl_^Ij 

/!) .Transition Region sul^lJlM a ?U1X\ 
LJLiIj (Depletion Region 4L^LLh 2lS1aUi 

CiLjjj^TI ^ ^jj^.? 4JiLaltl £ Jji> ^ 

j LA J \h± .-iimLj 2lJLuJ| CjUjjVI ^Jl 4-jJ^^il 

obej* ^ (Drift Current LjU^j* IjLj ^^j) 
. - > JSLi) 1 ji^> 4L^tll ojS^l ^n^ttl 

n L^jla-h^) 4jjlt^ ilt ^-l.?-^ 1 L^laJb ^L-ua.— L4 




p ^1 n CjU^j^^I JUL! 

II p {*y4 Cjl^StiJ!^ 



^ 4jJL> 4iuaUJl ^Lilil 



JLrtl I jLi (4Jjlta-dl L-tJI nit I L_a jlalb \t ^ 7 ^ 





oLa \^ yj\ *>b*j1 LL_uSLc til UjI .4 Lat^ jl3 iulLiliVl 4^Ut ^ ^^ii-ldll jLrtl » 

(Forward ^L^l) J^i ob*jVl ^ <Gi dLfi ^1*^ -ob*jVl ^ ob,£j JvjJL^ti I 
Forward Connection ^UjI iiLrJi ^ ^ Jj^>^_ih o 1 -^ jjl^v 





JSLlu) L_JL-iJl c^iaJb !>l " 4 n^ L_u?-^il c^iaJb U p q^Sb lIl 

n$ l_JLJi ^i=Jb p J^> jj Reverse Bias ^^^aJi J^> fl\ Ui ♦ - \b 













—6 








































































3. 






































> 








2 -1 +1 



i ^.luSLsJ 1 ^LjcjV 1 ^ Luj-ij tfLalo^ aL?ejl ^ 4J^_mJ jLJlU 1 

ixSUilt 4L^| 2u!>U ^ jSUlt c }SUj (*j >a JSbi) 

JLIa-Lu] 1 1 Jjfc A .^y-LaSjJl ^L^jV 1 ^fl IJL?- 4-jJLc 4-4 ^bL4^ ^L^J 1 



Rectification jUU> ^ 2ul3U£Ji 2L^^1 . 

S^l_C ^<|fii'ij - iUuUlll 4L^^Jl fdgrTnM ilUp- < c>^Jl£^ Mobile J^5tl \ O^Jllill 

.(U - >0 JSLii) DC j^Lu^ jUG ^Jj AC ^JX\ jUIll Jj^J ^ - Diode 



Vr< 



^Uajj^lll V,I 4£^k. 

— H 



->9-jIj 

A „ K 
O 



Ih 



(jLtll! J^>^j) LiiiL4 L^-Luw 4jullll! 4iu3^i! Jl^j ^^L^V! ^Ljcj V! ^ 

1 , 1 



1=0 



v BB 

. 1.14 



1=0 



□3n 



(jLUl V) L^-^Iiw L^-Hiw 4xjLHJ! JIaj ^ ? tXjJl aLsejVl 






f 



9 DC AC «>» jLOll Jj*Oj l-JuT 



♦ jt^> SJaj jjiLuijt j Lei ^Jj -i-i^Ii, 1 jLcU 1 Jj^cJ (jSLaJ 
4^_ul> ^liL ijjb t ft J V 7 nib (jSLaJ /t i i - > JSLlu) JL-r*t^ 

' ^ ^ * 4_^Lui L> i - ^ JSLii) L-Uj-Zi 3 J— cuJ 1 lIoLj jLo ^Li, J^_u^._rtl 1 o^Laj 



t A A 





Electronic Tuning ^^Vt^^ 

^J^jlU Jltr- uaJU ualSLa ia-j-ua ^LLrtJ i4aj-ii-4 

^UIluVI L_j^iLail 4Lartl I nji ^LmJ b^>j J^jI Jill 

SujJa jjjju 4liJLrt}t Sj^Vi e^i * Resonance 

iJLjtJj o**^ o^J *^ 3^bj . J ^ 5tJl 

Capacitor LkiSU ^11) ^^ali obejVl ^ ^1 jJi 

^luSjJI -L^-rtl 1 4l*jJi j-ijJu ^SLaJ (JlSLfcj 




* Transistor jjl^jj^l 



ill 



Bardeen ^ J£ diii ^ 

. Brattain c^^3 Schockley JS^^ 
\\ 7\\ lm$ »jj 7 uijj\^-H\ 4 17 V 4 



<Gi dili ♦ npn pnp £jj ^ j^JL^JjI >Hb 

p L^JlAj n 4^1a $\ p (*3 n L^jJLj p 4 djaJ 4 ^ O^L 

.(>1-^0 JSLi) n^ 
Emitter (E) ^LJi ^Sfi 22i^X\ 
SjlcUIi ^Lu^ha Collector (C) j^ct I 3 
iMilj ,4jLi_U jJla.^ SjlcULH ^ jjLt) .Base (B) 
SLa^l! b*i .Forward Biased Jju^^JLh ij^ut np aLajli . npn !^LL* 
cAjj^XJVi ^ikJu 2tfbJi oJl* ^ Reverse Biased Jj^>^U> 2ulu££, o^ila pn iiiixli 



(jLu-Jf ^) cnjijJi er^i^i o^-^jW 




n \ I i * q\ ^ji lIJ^II o***-} Ji^A-^ p SjLcLill ^Jj n ^-JL-aJ 1 Jj-cLJl ^ 

jUj oL? tits .tLU^SLhn ojj* ^ iiu-aj dii^JLaj SjlcLJIi ^ (aIS Recombination 

dULuj ^ jLxJtJl <Ua^-AJ ol JjV cJ^tJt IjLfc^ ,Ig =(1 - OC e ) I £ SjLcLilt ^ ciilg 7 nij 
^yfc (3 e luJj SJLcLilt jUu j-«et t jLxj 4_c_^aj ^Li dilJJ^ ♦ Base Current SJLcLilt 



fc=i= 

I B (l-a e )I E l-a t 



(15-8) 



fc 



p 




pnp 



pnp jlli 




* 


E 


P 


n 


P 


C 








B 







pnp j^Lm^\ji 



E 


n 




12 






i 

B 






e 







npn jlli 



npn j^j^i jDi 





CLq q\ ij\ Ljl^^jss-ill ^yJ S^Ol-l^ 4-u-u.j jJLaJ !>L-3 IjL^ jJlLus SjLcLdJl ^j-C 

S jJii.^ SjLfui ^jLui 3 til <Gi ^1 .Current Gain jUIlt j^^i 2u ,<m ^<Kn'ij |3 e 2llluL 

c> gj^ — 5Jt M — J— 4) signal 

=- Ampli- j^SUS j>JL/^jJLh 
•0 V- ^0 JSL^) Transistor Action 




(l c ) (L^l^lJulij^SJI 



n 



Ri 




*„ •'''""! 1 ' 



npn 





: Switch £Qi*£ j>La/Jj|>ai 



(15-9) 



Vcc = Vce + IcRc 



On 2JL^ ^ ^tll^ npn jlli 



Vce i 4jjli=L-Jt Vcc 

4 4^1 5Jj Rc ^ J-4 5tl I jl JLi ^-j4> 

4-*ju§ Jii ^Jj J^ij iJZJ Vce 
jL_jJ o^SLj L-4jilc 0.2V cJ^^—p- 1—^1 



5 j- 



_tl til <Gi A j-L-^SjucL^JI 



D 1 J 


IC -i 








E 







Off QkL^is 2JL^ ^ £G±j& npn jili 




^ j-4-?ti *i Input J^jJi ^ SjucLih 
Vcc J^7 4 ) t£l j 7 L 4 lLcLJI^ Output 

Ic 

.Inverter »^Lc» 4L=u_uJi 

SjL^ULh (^iiL Ll^>4 tJL^r- U «t^c .1 til <j\ 

<3>-3 <jL£ til QjiSLaib^ . Ij-j-A-ua £-4-3*1 I JLg-^f I 

^3 jLj^ 1 LJL-u /t ljjJt.ua 3jL£,ULh ^lil, -L^-rtl 1 

.(U - JSLoO jLUt J^j V j\jJi\ J^j Switch 





Digital Electronics ^-^jJt^Uij^ls^V) 



Sj^iJ 1 J^?cj ^jJUiiJl IjjLaiS^ . aaj^£ SjLojJ ^Jj ^L^iJt J^rtJ ^j^j^SjlLI yCL^h .4JlJj^£ 

^3 .Analog Electronics 4j^lu ^L^JSJj ^ L^^lul_uLJ' CjL-oSLh 
.Digital Electronics 4j^i jJl c^^SLf> f i ^^,.1 ^L^ISLftfl ^jjl^ j^ti 

Lbji til MJU .1^0 Uj4> U?h oll^Jii l^-uUui Code SjiLLu ^Jj J^j?cj L^ISU^ ( l^Ilb- 

( 

3= 1 x 2° + 1 x 2 1 
^AaJi *iu:tt y±A 17 uISj U£ 
17 = 7xl0°+lxl0 1 

&\ j it aJt 3 ^L^Sn JjUj CjUL^ ^ Binary ^iii-h ^HiU» ^ ^jlc ^1 l^Hj dJLMS 

210 
JSj ^jlc J£ Coding j 1 h uu (tioj QSLa^ .jlIi ...2 4jL^ 2 2GLi^ 2 2GL>- j£j 

Jj^m Jjuiluii! t-a ^LJi ^ .Analog to Digital Converter isJ^^ J^- 4 

Sujj^CjijLoii 2ut-uIaJi ^ jl^^j ?dJi ^ 2ulsJi U . Digital to Analog Converter 
i^jJi Li>jjLua.-4 Electrical Noise Sujj^h ^Li^tit uu Sju^ j^L^ 2utiii4 jJlc 

^ .-LajJ 4_4^iait ijL3 4.^.4-5^ J 1 CjL.J^jJSJ^fl 4lL^ ^fl La! . L^.l4 j^-lit-U 1 L_ia_u^.J^ CjLa^iait 

L-aLk^ 1 2JbJ| 2Jbtll ^^itl I JL^Jl 2l*a^ lIuI^j! ^ 9 1 Ujj] Jjfc <ijSll 
ja-a.aJl ^ LliU^ cAi~± diJj]^ . 4jL-4Sj.il CjUij^ISJ^J SjJuSLh ^ .cLi ^-ui I^aLl 



1 





• Binary Code 2uuUj Ca* j ^ <% ^Ji J^ij ^i>^ i' ^IjlcI jj^jl^SJi Ji^aj U 

^^JLjJ 3j d gj ^1 Liliji Jj^eJ^ Pixels ^ 3jJLA-ua j-ua ILc ^Jl jj-U^Jl tfU^-? 

.Boolean (Binary) Algebra ^Uili ^ idkLuib a^Lu^i c^LWh j^*^ 1 

<^»jJUl Jl* *U-j t " Mi.lt Sj^QJt RAM ilipj Sj^tjJt ^ CjU^iaJj ^jjJt-L f^JiJ 

^ 4km* 3 U* cna^s ^ iL^JuLa JSLii ^lii Hard Disk ^L^.J> 

1 tjyliJ 



*Logic Gates *tuJi±*jl\ Gbi^Ji 



$\ Jl-4 4 <, gLa 1 4 cjLjJUjtj " loj jJi^jlIi ^ i Logic Gates 

Jj-Uj (^SUj^ jl^ J^JL4 L^J Inverter (NOT) ^UJt -\ 

input output 

1 
1 




JSLlu ^ l^Ui^ JjJl^J c£*J3 fcjh*LA$ $\ ^jMJ^-U I4J : AND (£3^111 4j|^J - V 



intout 

00 
01 
10 

11 



output 





1 



i 1 t£)l^ /l) ^yjj^ jJLti 



A(>aJi. 




AND &z\fl\ 4j!^j 




HIGH (1) 
HIGH(l)- 



HIGH(l) 
LOW{0) 



-fflGH(l) 



LOW(0) 



LOW <0)- 
HIGH(l) 



LOW <0) 
LOW <0)- 



-LOW (0) 



LOW(0) 



v djj?- AND aji^J c^islii ^ j\ 




intput output 



01 1 

10 1 

11 1 

^j^Ill (^k, j^J^LLloJ ULlUj (jSUj^ 1 £>it^ JL?-i ^^I^j fJJb 



OR 




_§_/_ 



OR jLtl^-Vl 4j!^j 



HIGH (I) T — ^ LOW (0) * — v 

HIGH (l)-~L>~ mWi « HIGH (1^L>- fflGH (1) 




high (i) — 

LOW (0) 1 / 



-HIGH (1) 



low {oy 

LOW (0)- 



LOW(0) 



OR jUi^vi aji^j c^LSLti ^ jii 



OR jl^Vf 4j^j CiVb- 



L-kti^j ol ^SUj i jSL*j . Switch <Gi ^ Jj Amplifier <Gi ^k, 4jJj ^1; 
lit And Gate ajl^i^j 3 <Gi Inverter (NOT Gate)^^ <Gi ^ j^Jj* jilt 







b ^ ^±S\ 4l oL? 
diJjL? .(1 ^S) L_ur^-4 J ^ ^ tfLik. 

ob£ lij OR Gate jUl^i 

4j! o^lSLj Lia—?tj > !M i 4 ill 

1 lit jUlU> L^JLr-S J-u^ 

o^SLx a ^^jlL^jJ* ^ ^ ^Lc 

V 7 nit JSL<U uLLfjJT . 1/T^_rt)i 

(*3>Jb Ul A 7 ^Vi ^^Jj lLjl^ 

Data CjUL^xlb la I ^ 7^Vl Lbj! . <CjJJ*j ftuU* Jjj-j-is RAM 2Lii|ll S^Cdl 
^jjjelj-uil J>.4 CjU-xIaIj Vl V$ Hard Disk l-JLl^Ji ^^jJiJl ^k ^3^-^ 

^Lr-j 7 ujV^ . Write 4jU5Lh ILjJUjlJI *>jl* nng .0 ^Iju *j * *>■ *$^?3 c 3 1 

CD Drive jJjlUi 4jjLi jLi Read (^bJs ^jlLcJ) CiU^kl! 

•0VY - > JSLoj) J-ti ^ I loJ ftU ^U 1 1 (^k. JjLL ujJ jjjj £-L»_uj ^niljJ 

C^^-L^LS' ilij gla JLi^ . ^Vi^-^lf 1 <>k, 3jJ ^ ti S^bjj VI CD ^ DVD S^Sla L^JLL?eli 

i^k. L^Jb^cj (aL («j ^jJlu^ i^j^_aj (^k. 1^1 jff= ml ^aIjl^ i Pixel by Pixel aA^I 



CjI^jl-4L? <jjLu/! i 1 \ ^- L^jj^ o^SLj CCD ^g-LtjJ ^Uuj-^SllI cLbcrt— tflJ 1 

^ ^j^U* CjVT^ Fax Ly ,SUii\ CjVT diia^ Camcorder 4J^tl i ^jjulAJi ^M^^ 

.Bluetooth Lj^j^b 




CCD 







LED £aLJ! ijjf jJf 

L^Laj 2uUa1i .Recombination 

2 La_$ j 4 ^L_L_ 



LED ^^Jl ^jjIjlJI 






YY - 1 JSL^) Light Emitting Diode (LED) 

4_Lu^> ^ ^ J ^ i^l-x-s Laser Action j3-Ah Jjl^ I*>j5i 

.(l-jYT- ^ J—SLai) Junction Laser 

Frberoptics 2uj^]i JaLten^ 






( Passive aiUa ^£ o^Sj jlS CilijSLUj .Circuit 
Active iljlj^ii Ciii^iti ui ( u «1 vt - > o 





B 



> 



E 









4JUi£U jjI^jJ JlSLuil 




1413121110 9 B 



ic- 

3D 

in 



L r — "t — ' i ' ' " — "'t 1 — — 

Ml „ JM 

i — A — — sn — Hi — — A- 



12^ 4 5 6 7 




8L- 



^ HIE 

felt 




^iJ 1 lM- ^jJLlu^jj 

/i L^UrtJ (aIj lIjl^ i Discrete Circuits iL^il* 

3j*Jl k-ui ^LXJ^jJLSlJl J-^i-* jAlua_U SJUJLj^ <LtiJjla ^Jl 




a ? i ij\ jdij^ll! Integrated Circuits (IC's) 
oi 2uuu,Lu&l ijSJil\$ ,(V0 - ^0 JSLi) Microchips 

JyJ SJ-fcL?* 4_5&Jj_lL ijj.lW 1 JjLj^SLI 1 J^^^^cJ 

L^j iTlJb ^U 1 4_rt J^AJ > tltjLS^ iP n ^$Jb jIlaj jjl !>UU 

P-type Cjiji jl ni 2j> ±*> til m-type ^ 



.Selective Diffusion ^LSLVi jLAIiVi 
.(n- JSLi) Planar Diffusion ^7,»ti jLALVi 

Microprocessor^, ^ Ma§k ^ ^ 







Pentium ^uiij 3j5b 




Photolithography 2icLLJb <Lx-u,i ^uU^c 
^a^\U f»Tt Wafer (*ZS I 

^ C l^VT 4-JLx jj^Jlj ^Jji, j^SLj Jlu— rtj 

L^Ju4 J_£ ChipS 5j— LJt— 

atlluaJi ^4i4^t4dOa .Mass Production 
U$ Foundries (gjUali) dLUJj 2uLij ^ 

jLIi-Vl 3>£?"'i CJ^Jj^Jb 3jLd3L4 CjVT L^J 




Aji-uiU^ .Printed Circuit Board (PCB) a^I auiSLHi iib^SU 

^JL^cj <^ £ (VV- \& JSLoi) Motherboard a^tti 
Alu £W< tjj> u->L^Jl jji^ (aS^eJtfi J>h*3 RAM SJLi |ti ijS\ji\^ Processor j; 

i^u_ui a Pacemakers <_JL5.lt c^Li^ i^u_ui 



Valves ) L-tL4L4.ua.Jb J-4-aj 0^3 cjA-j- 4 J- 4 ^ f^-^ ^u^?- olS^ < 1 jl^- 4 
^%jLh j glA («j oj} 7 miJjIjJJi Ul-^^J^ISLIIi lLj^Lu («j .(Vaccum Tubes 
Personal Computer (PC) 

cLjJJlJJ 1 (AAj^I ^ t JLjyeJLujVl J^S-isJ t -L?- jLc ^L?eJ JjLa^J^ j^-4-Lt.ob j2 ^ 7i 

^Ir- . L^iG gju ualh L^^J^ISLj ^ j <>7nilt ^JlZlU^ j^JlU^ cb^uSLf 1 ^ ^l^il pAe-^ 4li -Lrtl > 

^ t ^_ui ^>-t!u-C 4JLil-4J JS^ Al 1 ,U 7^ Ai^j-mJ 1 ^ 4-X.luJ 1 ^j! ^Jji, j^Ju o^jL§ ^Loj tfb! 

.(Moore's Law j>4 

.Small Scale Integration (SSI) ^l^Ji J^lS^li 

Medium Scale Integration (MSI) 

Large Scale Integration (LSI) 

Very Large Scale Integration (VLSI) 
Ultra Large Scale Integration (ULSI) ^Lih J^tSLIli Cjr 4-^ diJi ^ iij lii^ 

^ Jail ^ di^ liLa . S^^j^ O^'j J-iLu 4^-b-iJL4 ^ j^LluJjI^j jjj^sj dJuSLoJ 






^Uu^l l-jj 7 ^1 Cu_r- c^_^sJ> ^JH—*" IjJ-rtJ L-4 $ ^JL^ ^j?tJJl 1 

O^Sj Ladle -i^-trt^ S^fcLLi ^^taj Jlu-r- < A* ^JLJsjLmll ^ ^ 1 1 Jijtail ^ ^toby^iJi 

<jl i L^jli SjjJl ^\ (jjj^jlail ^ Lul ♦ Jjtail 4jjLi-4 dLsLujutj 

^ ^-luJJ .<>L?ejVl C ^ j ^ -Li y <>L?ej1 Spin 4 mi J^_?- j^-U pj^ISLlj SjjJl 

2^>i ^Ui ^1 1 £7 M,tj ^bcjVi £ Quantum Computer Cjr oSLh ^ju-^SLh tl* 
.Femto Technology ^Uxhi^ Nano Technology £\1S\ Jl4 SijjbJi CjLLilli 



Selective Diffusion VI jL^VI 

jda-i-u ^Laiu ♦ f^LaVI p^j-^jsej 4-ulJ Anj^j |Jjl4 Mask LcLi§ ^JLitLaiJ (*S j^SLlLuJI 

a ^tall^ 4j LcllS x-u^J i Photoresist c a^JJ <L_uL_u_?* S^Uj j^SLlLoJi 

^l1* jU— 4JJ .Ultraviolet 

I*! ^Ill ^LtlUl ^ f Polymerized j-oJUIi Uib 4a-aj^l ^l^J ^ >3 ili cn^ ^Lo^l 

. Jj-ujSV 1 ^ 3jJu p^LrtJl 5^1x3 .iULaj 3ja_u^ ^ Lm_tJ 1 3^Ul joSj ^JJ 1 ^taliil 

j^SLlLoIi jL-uiSi jjSLj ^U/nti ^lii j^IujjJJi jLoujb jlo-ujuj i Etching JSUll SlUalt ^1* 
Molecular Beam ^yj^ E-Beam r k * J ^ iJ * U?^ j^^* 



. Ji-I Jill tfbJL?cJ Aluiirtl I L_jibtHl i oda-U ^La-uj ^ 

4aLib Cj|_£3tidl ^ JjI ^ S^-rtl 1 CjUjijJ&J^ ^ JjC ^bjj ^ji o^LoJ • 

.p-type 4aU>b ^SaJ^ * n-type 

^j,!)^ ^jb^ASJt Lj^iU^ ib^tajJ^ 1^ Sjt^rtl^ c^^_U Sensors Cil m ^ 

.n-type p-type z*u:* ^ pn Junction 2ujUUi 4l^>^Ji ^1 ^»jJ» o^iL • 

t^^_aj n-type ^1 l-JLuJi^ p-type ^1 4_jjlLu_U l_l^^Li ^LJl J^> 3 lij^ 

.Rectification ^^lit jUIh ^^Zi ^ ^jLi^l^j diJJJ^ .jUj ^^-aj 







.iA^i OR jUI^Vi 2j\# 3 AND ^r^Ili Inverter(NOT) 

.0 ^ 1 4^LtJ CjU^iAit jih<Ys \4jlm\jlm\$ .Noise Ajui^SJ' 
iidSHJ 1 4.15 ^ 4_a_LuJ> ^ lLLc^uJ 1 S^Lij^ 6j>^i ^Jl-u^ij }JL4_u aLsISHU ^J^jJ 1 • 




(0.5xl0 23 cm" 3 ) 

JO -3 



(n=10 12 cm- 3 p=10 8 cm" 3 ) 



28 4J ^jjJi oV'i 2 -33 g /cm 3 

12 -3 

10 Cm" JmJS^I) j)h iu$S 4jJ| 

s p-type j>l n-type ^^ij o^L-^Ji Jj* 

(n-type 

(N A =10 12 cm- 3 ) 

S-LcUi] 1 jLj <jL£ til J-^^l I J Lei L-.Lt.mJ>- 1 p£ . |3 e l-llu-T^ 1 0^ = 0.99 4l j jJLioJj I jj ~ t 

100 (LiA 

(Pb= 99 , I c =99xlO" 4 A) 

.0^ p e c_lu^i 10 mA i 

(p =50 , a=0.98) 

$4jb- j£ ^ jLJ-j* o^Sj liu - 5 V ^jj c>r. n.^r ^ + 5 V 3^ 3 
(50mA, O) 

jsli a ua — 1 c_lu^i < jjJL^jji ^ o>xU ^ ^jJLrej 1mm 2 oL^ lil -v 

.^v^Lc Lfc^iL AND S^jIjJ J^tU 1 J^JLr* gdliuJ -V 
.^^Lc S^jb L^^-IL OR 



(10" 12 m 2 ) 






jjJiil ljIJL^j l^oJj3 uuM 2L«^)j^11 iLalc, J^Lmaj 4JLum\ 



S^btj^t ^ ^i^W ^J^ 1 i^-^Jt 

£jL?- o^SLj L4 ale ^LJ 4L_ua^ 3j_sIj ^L^j c^-^ ^-^-ail 1 tiilij^-ua 4j*j J^g-LuJ : JA^, (T) 

JjLrt) 1 ^J-c* £jtc L jLilJ 1 JjLSj 4L*2j JL^j J^±> ♦ (jrt-cAa-iiu.il jL_u^j j^^Ljlj Jjbti) j^- 4 

: JjJalll ^4 ^.L U (0) 



Jl. 



JSLAJl ^.4 JjLsJI ^ic, 2LLL-u^il ^ aJLJl JSLii j-j-Jl! j-*-^-! j-^ - ^ <3JJ^ c3-uA.fi jju-^-4 



J-4Ls_4 r^L> U 1 o* 4 l)- 4 S-^-^jLi- 3LLiJL4 5_c_?-L> j 5_o^_u^ 4ii_J ^.JLJ 1 JSLAJl (1) 




5 S,P JyJ y& -LlC c>^Jt £bui ^btJ 1 ^jJiL jtj liU £>Al 

$ R , Q die ^[^^ ^buiil l^jl^ tiU r y J^\ (Y 

JMi- B ^Jl A ^ji^ ^LsJl jL_u-4 tlu^ ij (!) ^Ult JSbiLtl ^jju (V) 

^.u^j 4ji j-i-^ILfl qj* L-tiia^ 42° ^Li-ui! ^Ly-jJ^ (j^h S—^^—rt) 1 4j ^ 1 U 1 LltjLS^ ^j^L^j J3-^1^ 





( - ) rn 

l_u-u_^L^ jHr*^ * A c j- 4 80 N ^Jl 70 N ^ y^ ^ juiLtl cj^jJu til (A) 

,jjjlUI 4^tj-o (jK-i-ub-u^t <Lp.^J cKJ 4-u-uUl 

J 400 N Lfcjl jJL* 3i2_s 2.5 x 10" 3 kg 0.06 m 4J^Ia jj$ (A) 

.CiLcllai 4j^j ^.Ll U^j JjL£ til \lb Lfcj-U^J ^U* 

L_3^5fcjVl 4J l-jLujl^-I 2 ^^L 4 jb-u^jl J-tfla-tf^ 60° <b-u!j 4j C^^J J$jlu1a ♦) 

** -8 

CrtJ 4^L-uil iJjJLS^ £i-*>-4 (5-^ 66 X 10 111 4_L> JiLa o^JLIt (J^b?-1 ci^j laJLm ^ ) 

5m ^At^ JjbrJt ctjj 4jL^>UJt iaLudl^ 11 x 10" 4 m t^uLLaLudl ctjistliJl c£j^>-* 



J2j liU J— <-u-S . Ij^LA L)LjL-mjl cLtt l-jLluJlJ I^ll^il ^ ^c/Laj-i- J-ua 3 Y) 

^I^Jj L^Ijlj . JAjjV Lu-uij 4i&£2 < ^>* UjJlC ^^kjJtJl £^ l-jL-uII 1 cUt S_r^L_u^ 

. ^-.ic^ f Lu-uij <4ifc£2 Udlc 4aLa2-4 Ap-LluA 

q$S\jJ\ c^-^ 5 *" ^Lib q^3-2^\ c^JU i^L^Jil £bL d^fb c^JU-a q^-fb Jajj V) 

$j*ii)l JtLa-i-u ^Jl Q^yJ^\ JtLa-i-u J.4 <lU£L} cb^fl JZo 1 til cb^fl ^ i^SUl aJ 

JvJ^J^i 1 lait <ViJl 3 jSjJl 3^5 ^ J£ -i^o £bi)l 4r*-bu-u ^Li-r- j^iit-tlL jh^^jlj b4dlc 

JjJalll j-4 jjiib . cULs 4l^Lr- ^.Jj ^tSLfl c^U (^5 ^j^b^j ^ Jy 3 j_u^ 3 1) 

♦ (j^tSLIb ^^J^^tl giiJ 1 j^alj L4dlc CjIjjjl! (3-4 LjJLrtJ L4 ^ Jj_4_lu j 1 3d.cLS c^is ^ 
Jj^la ^ia-4 <b>_a j 4 t. (jlJj-4 (j Jl£. cUb <LLaLsJ c^i-4.4 j 1 n c (j^L? j-tis 3 ( W) 

JIa Jl^j— rtj ^tSJl l_iSL^j^ ^,ic^ f cUt 3-4 ^jLa .^tSLII £L3 ^^Mj V ^Lj-rtJ 

3tj Lilc 3^-4 JjjlsJI Jy 3 i 3^ L-tA-sJl ^ (^-<-uJtJl (jL^ b4 2Jb*- ^ ijJLitj^ 

.550 kg/m 3 ^A±S\ ifjUS 7860 kg/m 3 jjjrJt 4^US: 1000kg/m 3 cUt i^US: 

.(Ij^La) SI hi 4 bbj-i-u J^"^ Jjb-u (jb^-^ O^-i^ Lfcj-fli^J L_tj^l^Jl laj^jUi j-^^l (^) 

L-m-SLc Lx-i-ullj 4Li2j ^1 jlLc JjL-uJI ^b^?-^ icj-u L_t-i-ulH! SJLrt) 1 *>Il±> <b! Llt^jl 

Ciljaa-i 3d£, ^1 i-caJLu 0.4 m/s <US ,»jJl jb>Lj AiL^-oj^ 0.5 CHI o ^ki di^J ^j^jJj ub>i °0 
5 CiljaaAJl JL^^i 0.25 Hl/s fjJi jLjj-lj 4^ j-lj 3 0.2 CHI I^Jl4 jki di^J 



l_u-u_?-I 0.5cm <U ?:Ul ^la. 

.800kgrir 3 4fsL^3 lOOOkgnr 3 *Ui 2&li£o' — »M ^ t^J* 
200 N Lfcj-ii 3ii <L^k. o!£ 4x10" 4 m 2 j-Jl-^JI <UuoSL4 ^U? 4 2l^Uu-4 ^L* j^oSU (Y ^ ) 
^^SLtl fj^tf* SUSHI l_uj^I 20 x 10" 4 m 2 jj_iSLII <u*_lSL4 jiaiLa 4&-Luu*$ 

. 10ms 2 

gLq-mj jL^j^I cU jLa-i-u 3^ ^iiiaj 5cm i^SL^m juJbtJl ^ 5f? iM 2l?-L^^ Jial (YY) 
2LaLi£$ 1000kg/m 3 cUj 2iisLt^ L*l^ 1 16 x 10 3 kg LOUIS' SjU-^ J^-*-j iioiaJl 

,920kg/m 3 juW! 

2 j^Uti 1000kg/m 3 <CLaLL£ c U ^ ClaJs 3 5 x 10~ 3 m 3 I g * y^- cniiJl (YY) 



'S£J\ ^i^, L^j j^jL-HI ,*jM.fl S^JLII l_u-u-?-I ,cnii-ll S_9lJL£ l_i.^-^-I , L^-o- 



.cU* jlLl.^ lIocj J^LSLILs L^_4-rtr- 

SSi^j-t-aJ 1 SiLr- ^Jl eliljLiJl Jj^^eJ JUjJbLa jajlj jjuJii lJ^jl? JLtis 3 (Yl) 

Sjl^p 3j3jLs (*J-4-uaIl ^-dail (jjLjVI La (YV) 
^3^jo-4 ^^jjL ^ jmi J^iAj :Ji£, (YA) 

S^olLiJt jLi^uLh icLluD ^ Jj-u^^Ill iijU ^1^.4 tljLii^ ^jitL_uj : JI^, ( Y ^ ) 
^2uclL-aJl jUi^l icLluD ^ Jj-u^^Ill ^1^.4 ^jitL_uj Jic (YY) 



a , tl ^7 *iVl 5ts 7t I ic.j_<jJ( yji-ij LgJ (*j_lL^I( jL-su *j1a^ cjtjjJt <ji Q^sj-ki (y t) 

Stilly (jjjLt' ^jL^ ^TJ- 3 ^ LkU^' LH* •Oi-^'J^' S-^i*^ *Lti (>3 ClljjiJ 

300 K {J$L-uj2 jilc j-^- (jjjJjSTs! 4-£j-2e3\ 4_alia la-uij-La lm ->-t (TO) 

.9.1 x 10" 31 kg oi^Vt ^ 1.38 x 10" 23 J/°K oUjU^j Coti lil 
a^-jj alt 0.285 x 10" 3 m 3 ojdS U«. Ji^ 0.8 x 10" 3 kg l^IAIS" ^IL. jl£ <> (tl) 
fUJi c_jUN oL-? 'Uk. i jlJJt t j_^J 2u_L3_*Ji idlSUi ,,.„, -v' 10 5 N/m 2 I=Jt_^ 12°C 

.8.31J/K CtjULT 

ijLajJLJ^j CajIj <jL Laic <50°C 4_?-jj ^ cn^r-i-nSVl ^/-^ isLks la^^L* < (TV) 

.1.38x lO" 23 J/°K 

I^-i-u^JU L-t-i-u-^-U 6000°K ^^AJl gtaj-o die 3j^Jl lI^jI^ til (TA) 

ijjdJ 1 SJLrt) 1 ^ (jK-^^jdjL^-Il (jLj Laic . 1 jLa-i-u die LJJ-^- Ajd-i^gJ 1 jLc CjIIj3^ 

. 1.38 x 10 23 J/°K 6^311^ Cul3 3 6.02 x 10 23 3^^ ^3 1 ^jdJt 
92uiS*ljLli l^U^LLs cJLi Ul£2bjltaJ! 3cli£ ^bjj *Jie 
.4jjLLi-Ji ^ ^ dLc tiJM-^i ^ditJL-uj c£j*>^ ^.-^ iJLa.Hl gSLh j^3^\ ^ *) 

^S^jtdJl *U J£ die li^-i-u Ji! tiJ^i-i-u! ^ditL-uJ L^Ju-s 

:^3-4 JSLj .a^^aJitl U (i \ ) 
..^jUl j LIU 2dUill 2uj2J! _ 

: JyJ J£ JaC L^J-Lc ^Lu ^Ift i^LJl S^SLill U (t Y) 



♦ Lu>£j SjlSJ! lI^jIj ^Lrt3 V 1 JL?-^4 jLaJl ^Lj^ -i^Ii* jLaJl ^LLp OjLi ( t ' ) 

^u^Litf ^btjV Sj-s^S' 3^jb 0.1 cm 2 AaLuLj i^L^.4 diJLu AiiH^ J^tai Llt^t-4^i (t A) 



5_ Ji^ 1 


2 


4 


6 


10 


14 


16 




5 


10 


15 


25 


35 


40 



J3_?ct 1 (R) dllt-nJ 1 2L-43LS-43 ^J-i— mi 1 J3_ set 1 (j_ ) JiLJl Jn_J 2UjL_U S_3^Lc ^luj\ 

.12 m Al^L* dJJLJl ^ c>>- 2L43LL4 
.dULuit 3^U Suc^ll! 4*$\2X\ (Y 
.diJLJl 3^U Suj^SJl 2u.Lu^3lll (T 
j<i(nid jLj jju-a.-4 ^,J>i_Jt Cjr k, J^>3 0.3 cm 2 <LaLa2-4 2lt-L-u-43 30m diJLu (i °V) 
lI^jI^ liLa - 0.8 V oLSLs ^Ll^H^-s Si^-i-u^j diL-uJl c^^ 3 Jnj j^_^J 1 ^LlS - ^Ju^i^ 
SdiJLai) i^SLh SulL^I!! - 2A dULJl ^ jUi jLUl 3jui 

A (m 2 ) <lrtLa-^ i^-Lu^ JA1 (N) Turn <GUJ ^-ul JSL5JI JJ^i^ l^U (0 ♦) 

.(B) Tesla 4 <X 1 ^ 2L2U£ ^L*.Zl4 ^ < u it-^Lii4 Jl_rt^3 4LiLJ| ^^^iJi la^aie) Ljj 1 ^- 4 a^L-u.4 

JLxis 3 i>J3^ j^jl CO LAjlJLi-4 SJLjIj Sj^tj S-Cj— <-oJ J-LJJ^il Jj-4 jlj^jJl L-kiil i JU 



4j^j ^-ljUJLs 3 jJali 1 S-lj^S-J 1 4a_sl jJl 3j aJ 1 4_^j_5 ^jJLu lJ^jl? (^^>_tlL 03^) 3 ^u^Jb 

SJjrtJL-uil 4jl91jJ1 3aJHJ ^,^-5! La 3 . 1^2^ 3j^^ LJa-^Ul ^Il±> J!>l_r- ^Ij^jJl 

^3^?t-4 2L43UL4 JL^^i 20mA L^L-^-Si jLu 3jui j » < aj 40 Q <Lii4 iLa^ULa ^ 7 ^ M A i ^- (0^) 
l^iJU J_u-> 3 »iU £ 100mA L^L^Ji jLjJ 3jui ^ Jt j J-Hr- 4 ' c^! <lLj>-^^ S—^j^ 1 J^Hr-^ 1 

x ^ J^lhj ojLS (OY) 

sJLc cLs^^Jt j-jJij Jv^ t£)M-^V1 JM_?- cb; gSLh J2j ftuj tiU (OY) 

.iy^SLII JSliaJl ^ dSLill JjiZJ (Y 

i £^ JSLj ^3-ua.2il U (01) 
. 2 H = jniiU Jnj J^LIiJ J^stJl Ljuj 
.90% = J^l \ 3cU£ (Y 
.2bL4l3jJl ^tjLU* (Y 
.2A = ^jltt jLUl 3jlU JlUAll 2lW* (i 
24 W <Gjjl5 C^ 2 -^ d^r*- 4 -^ <UI jlscIlJ ^1 100% ScLiiS' ^ ^^L?- (00) 

L^liil CjUJ l1JL£ liLs 240 V 4jaJ5 (jr^^4^ J-^ 4 ft JLSfcjLuib 12 V J^_> ^J^, 

.4^480^11)1 



.^jtdLVt LiUl CLiJ ^jul (Y 

♦c^sLh djr^t 1 (y -c^sj* ^^imt 

.100 J 5C J2U J^Jull JitAJi »M ijJ^SJl 4a&t Jilt S^ill l_u^ (0V) 

<Gj ui jl l2 j 2 w w j Cj i ^a^j 30Q , 20Q , 10Q CA «$l * 4 2lSMj cJLs^ (OA) 

^4 SjSlall aialSUl i^Lail "<uA l_u_u^ ^ ^U^Liil ^ 0.05A , 0.2A , 0.15A 

400Q , ^IjJIi ^JLl 130V 2luj ^tt <LsLalJLh (0°l) 

^i^, 5-4^12.4 J£ ^^La jn_s J^> 3 til 200Q 4L43LS-4 ^L-^Il^ ^jc1j-3 jn_s ojli 300Q 

.(■^aiJ ixii^jJl ^U^Liil JU^I j^) 
jLj <U 10V <L*-2» jJ» j»Lu24J J^>3 0.1m <LaLa2-4 2l^Uu-4^ 2m <VJal-j diJLu ("I ♦ ) 

♦ 4lbli SjJ^SLtl SjJj-ud ill* a SjLC^Iti riU^Liil 2A <Gjui 

0.2kg <Gil£^ 40m J^ 3 0.1 kg <CU1£^ 10m U^ju^i J^Jb ^LtiJl ^ o^JL, (\\) 

1.2V <L^jia cnj ,L^--^J> L4al£, 0.1 A <Gjui jLjj ^tA 7< 4 diJLu (1Y) 

jju-a.it J^> 3 til diJLuJQ 4l^LSLL> S^ULLi l_u_u^ abed ^ii^ xj^c JSLi ^Ll diJLJt Jju> lili 

♦ a,d ^nlLJiiib 3>4 jjLuiil J-^ 3 ^(3 a,c cn2a21fb 
oL^ I^Ls cn^L-uj 2.5km i^L.u-4 L^lc j_s_x_j jL^^j cLs^SJ* jlJ^JLI Si^rt-4 J^aJu (IT) 
jLua.il oL^3 220V jL-ail ale cn^ enj^ 240V SLa-rtt I ^Lc cnSLL-uJl enj j_^tJ > 

4jl Jli^lc til i^Lai 1 kuaJ^ diL-uJl ^4 JL^-I^Jl ^li 1 2L43LS-4 L_t-<-ur*-l 80A IjLl! ^ Jj*_u_uJ 




. 1.57 x 10- 8 Q.m dUi 3^U 2u^Jl k* 3 \2X\ 
4 i utjJ\ .0.5Q ^Ai-\jJ\ L^_U aULo a 12V ^Luj gSLh 2lh^IjJ| L^joi 3jL-^ SjjII^j 00 

.2Q 

p'^'"'^ diL-u Jy3 0.1m dJU Je c^^gi 1 ^2 Si^^J die tt^lUtll all 5_aLi? (jfte (10) 

. 471 x 10" 7 Web/ Am 4jiUj J^U* Uie < 10A <Gjui jLj <u Jj^ 
. 5A 4jjui jLu ^jLilt ^3 10A 4jd_ii jLu 4^-3 ijLjj 1 ^-^ 4 jU ' ^ < "■ ^ <j!SLLm (11) 
Je^ 0.1m J^VI ^ d-a_u cnSLLaJl <jru ilaitj die ^.ASLT* ^-m-ttaimi hl\ i-aULS ^_u^-^t 
3^4 ^.pU^U jn^btj > ^3 3^-4 ^bejVl ^pitj ^ OnSJLuJl ^ jLU 1 L«J^ 0.2m ^jlilt 

diL-uJl cJaJ liLa (j^^-gS jLu <U j-^J 3d-5>-^ 4iJ lJzJU JSLoj ^ie cJaJ p^"'" 4 diL-u (IV) 

^LaLi? ojLs i jLu-ft ^iij <U j-43 CjUJ jjj! ^ lO^^ JSLi ^ie 3^-4 4 < » 

,cnUL?Jt ^>-4 J£ ^ cJaltl die 

^ La .iiJ 300 Cjr ie ^i_Lrtj 25x1 0~ 4 m 2 5 »u 5 4 f,i 4a 0.22m cAsl^- ('A) 

St 4 L_£_U^1 IL4 die i-Il 4 2l 1 £ L^lJUb 4 1 ^j^ 1 jl £ 3d LU 

9 L-kiib jj^ ^dJl Cjr iSJl ^^iJ* & « 1-2 x 10" 3 Web/m 2 
JL?t-4 ^ diJLuJt jois 3 liLa 10cm Al^L* (v m 4 diJLu ^ 20A <Gd_i ^j-fi jL^i (1°0 
3ai_h L_u^t . Jbtl I ^bejl 30° L^jdi 4j^>3 j^-j J^j-rtJ 2 x 10" 3 Web/m 2 <uliji 4^ US' 

.dULJl ^ie 3 ojli 

3A <Gjui jLJ <u ^ CjUJ 10 J.4 20 cm <uis ^-e^ 30 cm <U^la J<U7 l^14 (V*) 

4jie ^o^I* ^> i-^J^ 1 <*> c ' ^ r t - < -"-^ 1 -0. 1 Tesla <L^. 4^ LIS ^^114 ^-mjIalliL^ Jbt-4 ^ j_u^ 3 

^^Lui.A l-4dle 

^-^-ttalli^ JL?t-4 ^ a 10A <U jUl jLj-Jt 3jui^ 2lH 100 4jLH ^d_e ^jjb dii4 (y\) 



fjjj ^^aJt Sjl^JJt . 0.3 m 2 L-kJLt! 2l^L^^ ^LS' lili 0.2 Tesla 4^ US' 

cJaltl ckj Sj^ 1 U 1 lI^jL? 30mA <Gjui <Lls jLj -aIc tijjjtJU ljiLa $± jjua^jUiI^- (VY) 
^SLo jLu ^^i! l_u-u-?-I 20mA 4l 3jui jLu j» ub 5Q AjAa "aa aULj jJU^jUlIj*- (VY) 

. 5V 

0.1Q 4I43LL4 jLu (Vi) 

♦ JJ>fl ^Jl ^JJ^Vl 4.U-U L-U-T" j^i^Lj 

^^^.i-u^l ftu-u-st^ ^Ls-ojJ 3>&lla >^ui2J <ji dijMj ^HaIloI dij^^jil (VI) 
^^la-ii^J Sjl^SLJI Sj^LaJJl z^jua L^ja-miiJ fUJ L-djiS^ SjU^-l^s a^SUl S^H^Jb Nj/^^t 1 La (VV) 
S J^aiiUL} diJi (jLSb .ejb^^JLI 5j-^jLm Jt! I 4^ 1 it^ll TJjl^ Vila q^Ix^ S^fcLLa^-uaJ (VA) 

3 £>-^ -CjUj^ISLt^tf Sj^il* 4ju_£ait Liu-^j ^^^JSJVl i^SL^j^SLJj (V°l) 

^liU^ .^buh (j^$Za.l\ L-isjLjuu $J±jX\ 4j ><-4-Lj La Lrt^is ^-4 jL^st^ Jgf 
(j3_<-u-4^Ia J-lLl^ L^_rtjLIj c^is ^ LltLul ^III ^j^-Sj^j 4_s^_?t3 J ■ ^ A TtK r^_t!L 1 (A*) 

^ 3! 5JLa._il-4 tljlji 3j3_ua ^ lIuL? til VI 3^Ul ^I^iJl L^iji^Jl j J uaj V : J_l^ (AY) 

2ljJl^uJ| 4a_i^l a_J^i ufl J^J*3 ^ISLII cnj ^j; ^tl Jbtl I <U ^.Ml ji^f* >^ (AY) 

S^jJ^ 4-sa^j* ^ 




(j^J-f A iL£JL$l\ 3^L-4 £jj 4jJu ; _ < _aJi SjLu&l ^ 3^-4! 1 - %.UU ^.j^iit JiLiJt JU-AAJ : JJL^, (At) 

S4_j.iL.a_h ci^iJ 1 j^L^.^ ^ dill. JJu ^ILiL V ^n_>- 



$d±L* (*i-^r^* JL^ ^ OJ^i f>!rW* lO-^ 2 -^ 1 o- 4 l£ ^ fi^J Ji^* 2^*3 (^V) 
4jjIj^»- S-SLta^ SjJ^is S-SLLs ^Jl S-uj-^SLII Jji_rtU VUL* 03-^ ^h- 31 ^ (A A) 

$Jji_rtI]l \Jl& 4jJT TLu^ 3 

L^-i-mJSj (JP J2\ j^jLu^._?J 1 SIud il 1 <Lx-ii 3..L_J 3cLL£ xhJ (5>^-f* ^>iiLj (A^) 

:5jJLU> LLbtiLa^it Jv4 JfTf^iw (jliU (AY) 



2u3L5Jl SjjJt 



L_tJL-uJl £3^ o* 4 J -4 



$4_L^ <Lui 3..U 3j^iJ ^j^rJl ^j-^UjjJI oi>^ f^iw (AY) 
jLaJl f*J>^4 SjuIIUI SIud ^J 1 ^Ll5 Sjull? ^rtjuis ^11 1 ( -n J 1 r^_t!L t (AO) 



♦ i^i jl\ Sj^UIII 7>}4^Z\ J_*c S^SLa lhj ojli (AV) 

l-juS\ . -Lr^ 1 a JjJt-a^ J^-|JL4 4j^Ij L^i 4j^i_£ JlJL^j 4Lij_u_t-4 Sj_s^_£ S^j 1 ^ (HjjjjI (A^) 



diJi LjJLrtJ^ y = I — Jlu-r- 4_u^ ^aL_ui 1 S-j^il 1 jIAjj\ "Ajl^j-u dJLtjj jjJtlla <LL3^Ia JyJ 



4-2jJJl Ji-b ^1 gjlitJl J.* ^Li-^ 1 c>^Jt 3jui f^Ual is^JJl jjLi- LcjIc -Y 

^-.ic A^^JJ 1 J^-b ca^i-fl ^ ^ialil JjiSil c>?t^ J*-^ j^itjU 1 (j^j diJji ^UJaltf 



JjLSj 4Ll_j r> jL-Jj Jala _Djj ^bj^ . 4i>j L^j^Ulj jlaj <bd-_, £jjj__i L-uJ* (jn-cLa_i!aJl 



4_^bti) bnl-^ . L_u J 1 ca^-i) ^-.-^a-l 1 Jal—J 1 ^4 b.mS-2 c^Xll 3^Ul jL-uSLj 1 L_t-i-uLuj -0 

c __-< .4J J^l-il b-i^La L_t-ujllli ca_^_.U 4_*^_-M *L»i*>^ 4^j-2 sin 6 = — 

** c n 



ca_^.Jt j ^tAj^ J_?-t jJi LIS' L^liajl 4i J^J_rtJ 



. 4t 1 4aj^-4 4a2_tS^ 4j^^ ^ J^LJl c^^iJt diJji Ld£ b-uliajl ^.j Laj ^! 



> L^l^ ^.ic Lp^c -t-^rr f ri P,S ^ die c^liJt jL.u.4 ^jJiL 



4_bLi]1 4 ? it^Jt ^i-Zi Jltj-?- . ^Uji_^iJt 5 iDb ?\ t 1 ci-^iiJ S-u^-u^-h 3j-Jui> (jf Lc IsLijrtil 

^ISjuI 4-^lj JLCi Y Sj^IJJI .(tuu >fb <ULl ^ I r X 4-4^i 3-ibj ^ Jb V diJdJ jLj£jV1 


L_t^tj diJdJ 90 ^SLaUl^ laiUJl cjtc built lHj Sj^ljJl JajslJ liifc^ 45 la^gJLuJ) Sj^IjJ 




-L= — L = — = 




_ 2.65 



2.83 



-A 



2.6 x 10" 3 A ^ 1A _ 3 

m = = 4.33x10 m 

0.6 



2LVm 2x0.6 V 4.33x10 



400 



= 7.6xl0 2 Hz 



= A = »=30 
2 2 



= sin-'Cn x sin0) = sin _1 (V2 x 0.5) = 45° 
a = 2<p- A = (2x45) -60 = 30° 



Ax = X- 



Ax = 66 x 10" 8 x 



11x10 



-4 



= 3xl0- 3 m 



2ULdt 4j^jQJI ^ L-jj-iiJ I 



2u_tisjSn S_j-S^L^J I aL?ej1 ^ ujLuil 1 cUj dlj^Jh jA-i-u^ ^iLa^—rJ 1 4^3-2 <L^iJ Ladle - ^ Y 
cj^uJ ^vLaj £a2X\ 5_r^L_u^ .ibjls (j^-^ Start} /y^ ^Lc-j^m J2j^ i4j^ju^2j Slrtaj t^j-stlcS 



♦ ^.La-i-u 4lul&J^\ SjjibJl 4i?fc.c 5_4J-5 j^i^j diJi^ i4L?-ljb 

pg L^jIc jJI 3ii JiLmSf mg l^ji i^iL^ -4-^ 4j\1* S^SJl - ^ 1 

ill? cKJ 5_L-<-ullL? £2jJl 3jJ5 ^j! 3^_S^J* LH-J S-L-<-ulIl T^-uZ-J-S JyJ g JjrtJ^ ^i^Sf 

jtLa-i-u JwJ cU^fl J2L 3j-SLh j-tjs 3 ^j'LLj SUSHI lL^-lJlJ £*3-^ ^Li* 4iL£ ^Jl 3^SL!l 



lajt-u^Jl 1^2^ ^bjj £ULh ^L*^ 4^ 



5! L_t.i!ait!l ^ n^justJ I til L.4 2JLr- ^ adAj^ ^(-a-^J 1 j ^ c J-l5 otj^dl 3ctj-5 V - W 




h ,A = h wP M 



= (1.5xl0-)xl000 =19xl() _ 2m 
800 



■Y» 



F A 
f ~ a 



-4 



F _ 20x10 
200 ~ 4X10" 4 
F = 5 x 200 = 1000N 

F 1000 mnv 
m = — = 100kg 

g 10 



hAPg = mg 

16xl0 3 „- 2 

A = T - 320m 2 

5xl0" 2 10 3 



-YY 



-YY 

(KlPg)w = (KlPS)s 

- x 5 x 10~ 3 x 10 3 = 5 x 10~ 3 x P 
5 

P s = 400kg/m 3 

F = | y 0l p w g = | x 5 x 10~ 3 x 10 3 x 9.8 
= 29.4N 

JJL L_4-£ . <J ^LrtJ > cLcaJi J-^ 1 -^ j-^^ Jyj <LLSj^»- 4j^_r- ^i^, 

.SJ^jluJI Sib- ^ diJ^u Ji-all 3^Ul Sells' ^bjj^ iiL3^t tljUL-uil la-^^U 




,L^iaJ3 j^-*^ t - J ^3 J T Ji-9jJbL9 dJLItJb c^jJt^t 

jUJl CjLL^ cln-j i^ibtlll ^^-S £^bj lPjm ^Ji^ j*-*^ ^LrJl cb^fl 

CKJ J-uaLiJl JJ^ilJ J_*jl»3 JjLua^-IIb <j-£a2Ltl JyJ JLrtJ 1 ^-.ic J^jiJ jljLstll J^iJU CjUlP- 



.^^jlI^JI tljlji 4S^-?- iSLLa la-i-u^U 



1 mv 2 = 1 kT 

2 2 



1 mv 2 = ix 1.38 xlO" 23 x 300 

2 2 



= 6.21 x 10" 21 j 



-TO. 



= (6.21xl0- 21 x22)2 =117xl0 5 m/s 
v 9.1 x 10" 31 y 



.JjJtALh die. Lgl* i^iall JLSJt jldia Ji 2bjlLajlf ^As-IjJI iu^Lill Cdfl Ui£ - T*V 
die ) 1 die JSLaj L«j_t^i oj^i (^jtjJtlt Sjjb jLtUt 3j_ui <jV - t* 

.Sdr* (jJl£. Jji>l( die. IgTm^ J2j L»1lJ i ( 4jjtIa.Jl 

I 

/? = M = o.4<2 

2 

RA 0.4x0.3xl0" 4 



^ L 30x10" 

-5, 



/|=4xlO~ 3 Q.m 



Symbols and Units of Some Physical Quantities 





2_>L-loJI J-Ajl\ 






m (meter) 


x,y,z,d 


4 — s-ijyi 




nr 


A 




Y 


m J 


Vol 




r 


s (second) 


t 




t 


s 


T 






m s 1 


v 




i 


deg , rad 


a,0,(l) 

7 7 T 




V 


rad s 1 


(0 




A 


kg 


m 9 lvl 


4\ f\TI 




kg 


m e 






kg nr 3 


P 


a aLx_SLT* 


u 


m s 2 


a 






m s 2 


g 


ixjjbJ' 4JbtC 


\r 


kg m s 1 


p 

F L 


2uLaitJt SlSjJtJl 4^ 


u 


N , kg ms" 2 


r 


3jj <? tl 


\& 


in ^in ewion ; 


F 

g 


OJ3 n 


\ \ 


JNm 


T 




w 


J(Joule) 


w 


(J » *itt 


U 


J 


E 


4 ?l Ml 




J 


KE 


SS^ssJl 4ilLa 


Y* 


J 


PE 




\\ 



■ HI 1 



jJJjL ill 3 J 


* w ,* ti y ti 


2, ^ti 




W , Js- 1 (watt) 


p„ 




YY 


Ns 


^imp 




YV 


Celsius, Fahrenheit, Kelvin 


t°C , t°F , T°K 




Yt 


mole 


n 




YO 


Pascal , Nnr 2 


P 


la 


Yt 


Pascal , Nm 2 


Pa 




YV 


J 


Qth 




YA 


J kg" 1 °K 1 


c th 




Y*l 


ric 1 


qth 




r* 


J kg 1 


B th 






J kg 1 


Lth 




YY 




a v 




rr 




B p 


jlitl t-\»<A 


Yt 


kg/s 


Q m 




YO 


m 3 /s 


Qv 




n 


NS ITT 2 






YV 






3U i Ctl 


YA 


C (Coulomb) 


Q,q 




Y<\ 


C 


e 


^jjjaSUV 1 4] -r ni 


*♦ 


V (Volt) 


V 




i> 


V 


v B 




tY 


V 


emf 




tr 


Vm 1 


£ 




tt 


Gauss 






id 



j-l- alt 3 J 


* w i* ti y aj ti 






A (Ampere) 


I 


^j^SJl j Lift 3jl^ 


n 


12 (Ohm) 


R 






O m 


Pe 






Q 1 m 1 


o 








. Pe 






Am 1 


H 






Tesla , Wb m 2 


B 




0Y 


Web (Weber) 


<L 




or 


H (Henry) 


L m 


^IdJt lL^JI J-4la-4 


ot 


H 






00 


Weber A 1 m 1 








Nm Tesla 1 






ov 


ms 1 


c 




OA 


Hertz (Hz) 


V 




0^ 


Hz 


f 




1* 


m 


A 




1\ 




n 




1Y 




CO 

oc 




ir 




Fundamental Physical Constants 









o.o / /xll) JN m Kg 




VJlllvt/l&Cll g,lClVlLClLlUllCll UUiloUlill j-»LJU f <_ )lAT£J f LUU 1 


l.joXlU JdJv 


K 


Rnlt'zm^inn pnnQt^int Al a*. 7t* * -V 

JJ\JlLZjllldllll C'Ulloldlll JL^ >JJ1J I, ML) l 


o.Uzxiu Molecule, kitioi 


N 


AvnorpiHrn q rnirnhpr A k \l a! \ \ <r - V 

iV\ \JgCl\JLL\J o llU-lllUC'l ^JjL^4j3! ji \ k ■ 1 


o.j ixi u j.Kmoi djv 


IV 


TTnivprQ^I qpiq pnnQtpint ^1 1 »tl ,",*itti -f 

111 V t^l odl fS^l^ C'Ulloldlll i— J Ml ^ U r* LJU 1 1, ( 1 UJ 1 V 


Qv 1 H 9 Mm 2 P -2 
yXlU rNm 


V 

JV 


f^nnlnmh q T piw f^nn QfpiTit aaIa C ,\a M 31 . ** . - A 

V^VJ L11VJ1 1 1U o l^Cl W V_yVJl lk3 Idl 1 1 (*QJf) J ^JULJ3 UUU U 


Zl vlH"^ WpWm"^A"^ 

^f„X!U W CDCl ITl /\ 


LL 


PpT*mpnKi1itv nf frpp ^n^pp £l * Ml a *\i V* f*! * * -1 

1 CllllvdUlllly Ul llwv JUdLv 7^ f > t? I 1 *UJI a ) J^LJL_4 V 


jaiu in.s 


c 


SlnppH nf* T icrht in V^pinim t , a ^-Ai^tl ^ * -V 

OUtCU VJ1 .L/liilll 111 V dv/U-U-lll X !>^J ! /-3 Cjj <<^t ) 1 *li->-LiJ T 


1 n~ 19 p 

I.OaIU 


e 


T^lpmpnt^irv ph^rcrp ^IaVI -A 

J^lC-lllC-llld! V C'lldliiC/ *UJ 2f f AjL^LOJ V f\ 


1 y1 0" 31 Va 

7.1A1U Kg 


m e 


T^lppfrnn rp^t tyijiqq A a . 7C tM t A aC , ti 17 C - ^ 

J-/lvv LI VJLl ILol llldOO LJ3^} ~£ ^3 


1 70x1 11 r Ira -1 

1. / "AlU v_^.Kg 


e 

m e 


Snpoifir rharcTp of plpptrnn v 7Ct\lt 2( r *\\\ 2*i-*-/)iti - \ ♦ 


1.673xl0" 27 kg 


m p 


Proton rest mass o^^W - \ \ 


<S^y 1 0" 34 T<5 

U.UJA1 \J Jo 


h 


1 IdllwJV O V^V/lloLdllL t \ } yU UUU 1 1 


1.66xl0" 27 kg 


u 


Atomic mass unit 4?j^h JISLh - > T 


1 096x1 7 m" 1 

1 .U7UA 1 \J 111 


rl 


R vHHpro" pnrKfpirit t~ ^ \ \ \ \ «i ^ - \ t 

IVV UU^lg vUlli5LCllll -\ _ >— J — L, J J I. ( J LJ 1 % 


1.675xl0~ 27 kg 


m n 


Neutron rest mass o$j^3-^ q^LJl - > 


22 4x1 0~ 3 m 3 




lVTolar voliimp ofirlppil cra^ SI X P 

1V1U1 Cll VV/1L1111V^ v7 1 IVJ-V^Cll £-LClO CIL kJ . 1 . 1 


9 8066 rm" 2 

7.0UUU lllo 


g 


, t V V 1 ^rt--\ / n , \ r A < \\ \ *»-t 1 a, i A - \ V 

Standard gravity at Earth s surface 


174x1 6 m 

U.J / iAlU 111 




/JO JJ'U / —J T M 1 ; ;i A T VJufiJ T ' C < J 1 f> 

Equatorial radius of the Earth 


5.976xl0 24 kg 


M e 


Mass of the Earth o^J^* ^ " ^ ^ 


7.35xl0 22 kg 


M m 


Mass of the Moon ^21 1 - V ♦ 


3.844xl0 8 m 


r m 


Mean radius of the Moon s orbit around the Earth 


1.989xl0 30 kg 


M s 


Mass of the Sun ^^AJl - V V 









1.496xlO u m 


r es 


Mean radius of Earth s orbit around the Sun 


J.lJOXlU s 


yr 


Period of Earth s orbit around the Sun 


7.5xl0 20 m 




Diameter of our galaxy L> ^Ai\ I4J jjIIII 3 >*1 I jlai - YO 


2.7xl0 41 kg 




Mass of our galaxy (JU j^Ai\ L^J jjLUI 3 >?tl 1 5dIS - VI 


7xl0 8 m 




P^Hiiift of thp Sinn ^„ ^ A ti .USi^^^-VV 


0.134 Jem" 2 s" 1 




Sun s radiation intensity at Earth s surface 




^Uj^tflJI gLc- l c j^*-; »L$.m1 



2 C\ **4t 5 t Is/* 7C^ i it-* tl ,1*1 s 


(ISJU ^1 ) CilS^Jl ^jI • 
(UOY - WW ) 


1 * ( i tl ^ 7 V 4^ i 4 \ \ Ml p I C. ^ A%\ s 


^j^j ^i) j^^ji • 


^yA J/l^ tfiiill^ 1 <, L^fcJt (t^£, ^2 


- w ) 


. b jU^2.jJ ' (t^£. 


(W* - °H0) 


2 ^) I Att^ 2 A ,,<t^tl ^ ^ ,1*1 s 




4 . ^ V ft "5^1 i j j^k 1 1 A ,■ {3k I a 4 a j* \ 1 lC*> . < -~ j» 


Edison (Thomas) 
(1847 - 1931) 


STjJ,!^ ^itaJl q^jLi^ ^tl 


qjj JLU-OJJ 1 • 

Arkhimedes 
(287 -212 ^Ull JiS) 


.<l<u-ijb 43^*1,1 4jjbJl CjLIjJj^] b 


Avogadro (Amedeo) 
(1776- 1856) 



4 l nt ^Nimt^ ^bj ft tl lLI fntj^ j^J-^-t 

.L^IjJtilll.J 


Ampere (Andre - Marie) 
(1775 - 1836) 


(*L-C ^2 4 \ Ui 1 N LUt-4 gSJ 1 fol^ jjj-CiJ J_4 

.1820 


Oersted (Christian) 
(1777 - 1851) 


4_jLjLiL?Jl LjljL-jL-ill ^jLU ^jb} t— 2 


Ohm (George) 
(1789- 1854) 


1921 ^Lc g.bj x. alt ^ Jj^j 3j4L_r- jL?- 
4 1 i-^ IA > tl cbjj i ill ^2 4jI 4 J rt) 

.^^■jj^SllI j-utlll o^jli ^LIISV 


Einstein (Albert) 
(1879 - 1955) 


lLI 4 j ljj^jj 4_J r <U^ cjLilJ-4 4_t 

lj ^tt <A ^hM^S^ 2C\ 7t 1 J^I^/h tl a 

i l_J 1 A_f_u_t 1 / *\\ 1 A £* Li 1 A 


OjlL) • 
Pascal (Blaise) 
(1623 - 1662) 


.2u5Ul C^l 


j^it ^liJi y^dJi Ci'jj^sJi jijyJi ^0 


i^j^JLJl cLuJ* (JjJLrt-Il 4-jj-x-i-oll 4-a-dOj^fl la-x-?- 

. 1915 fLc ^bJjiLtl ^ Jjjj SJ^L^ 


Bragg (William) 
(1862 - 1942) 


1922 ^Lc ^b^ j- tftt ^ ^L-T Cjt^ jbr- 

♦ L^l* 4iaiUl 4*^^ CjIj.H1 (^ii^lJlll 


Bohr (Neils) 
(1885 - 1962) 




(^ij) Jo* • 
Boyle (Robert) 

(1627 - 1691) 






(LL-aJbtjliLil) ^LfuJj^J • 

Torricelli (Evangelista) 
(1608 - 1647) 




(^Ubr) ^Jb- • 

Galileo (Galilei) 
(1564 - 1642) 




Galvni (Luigi) 
(1737 - 1798) 


J^i O- 4 Ji ( cOHr^i ^LjjHtAJ ^^Vr^ 


Dalton (John) 
(1766- 1844) 


^Lc cLu^-^SLJ 1 ^-3 Jjoj SJjL?- Jbj ^La_ lLV 1 j 
^Lail ^lLa^VI jMrtjVl ^ 4jbtJ^ 


Rutherford (Ernest) 
(1871 - 1937) 




Ruhmkorff (Heinrich) 
H803 - 1877^ 




Rontgen (Wilhelm) 
(1845 - 1923) 




Schrodinger (Erwin) 
(1887- 1961) 




d^O 



.Jbtt! 


(JSbU) ^bljla • 
Faraday (Michael) 
(1791 - 1867) 


4j| fntj^ JjJ-t 1910 ,*Lx Jj£J Sjj^Lr- £Lj_4 

JjIj-uJIj CiljLilJ JbJl SjjuftUl 


(^jLfcjj?-) Jil^j^ <jl^ • 
Van Der Waals (Johannes) 
(1837 - 1923) 


cjlj^j^f 1^ jo^> Lall ( ^yjtJl 


Fraunhofer (Joseph Von) 
(1787 - 1826) 


u£jJO$ ^Jj^SLIl jLlU* 4Jjiij J3^i (4j j LL^jJ t ) 


(■JjJbUaJl) • 

Volta (Alessandro) 
(1745 - 1827) 


lLI^-Loj 1 ^ 4j££jLh 4-§liaJb <J*IA-4 ^JLLijI ^b^j-S 
(1938 J_>^j) iLJLSJl iLxii^ ^ 


Fermi (Enrico) 
(1901 - 1954) 


^l^^- 4j9^t_J 1913 fLc c-bj^j-dli Jj£j 3JjL?- JLj 

9-1 7M ^ ti £ *\^ 7tlj 2 iU A vUl a si . <M ^ ,C, c s\j\\ 


Kamelingh (Onnes) 
(1853 - 1926) 


3jl j. j-u. t> <^l£|jSLJI c>lj^ 5 J^i o^bL! t^SLLa 

aUII i t.Wtl jAjMA t-\i + i7/^l^ 


Qj^jLfcjjj-) jJb£ • 
Kepler (Johannes) 
(1571 - 1630) 




Copernicus (Nicolas) 
(1473 - 1543) 


.2luj^SJl j^ljjJlll crul^S L_kAl£l ^bj^ 


(i_3 LLu a^-) i_3 ^aijJL^ • 

Kirchhoff (Gustav) 
(1824- 1887) 



.J^stL^I jLU* j> 4l?tL^il SUjj^tl 4a^lJlll 


Lenz (Heinrich) 
(1804- 1865) 


I^jjlJij 1918 fLc ^b) * t tftt ^ J-^ SJp'— J-^ 4 
^b}^^ c^Ji c^! i!L4jLit! Laljlc,^ 
.SSlkll CjUSJ ^jJ! 4flL£uSl Skxul^j 


(^U) dij^J • 
Planck (Max) 
(1858 - 1947) 


J| mmNUl3L4 ^j^Sllt (jftjI^S <j-£3>jjLfll O -4 i-Ji' 


Maxwell (James) 
(1831 - 1879) 




Newton (Isaac) 
(1642 - 1727) 




Hertz (Heinrich) 
(1857 - 1894) 




Huygens (Christian) 
(1629 - 1695) 




Young (Thomas) 
(1773 - 1829) 



http://www.dke-encyc.com 
http://imagine.gsfc.nasa.gov 
http://cseplO.phys.utk.edu 
http ://www .ho wstuf fworks .com 
http://www.colorado.edu/physics/2000/index.pl 
http://scienceworld.wolfram.com/physics 
http://www.physlink.com 
http://www.intuitor.com/moviephysics 
http://www.newport.com/spectralanding 
http ://www.mathpages .com/home/iphy sics .htm 
http ://hyperphy sics .phy-astr . gsu . edu/hbase/hframe .html 




tfil JLJ' jjJ)l ji> 

jlmij jLdYij .4* i>M Jfifi- ji ^jut0 Jftfli ,4*£JU ViS ji is^i {iWU ^iS" 

. ' ^jjuii 44* j^jli 1 ji 4*ufi iUjjj -(ftiij 

toJ *j' J# ^J 1 ^ 1 d**" iJ* dJ^ j' *gU*J ^j' 

j"-a*S |4ull iWrjj j*U? ji JtwVl JliiiVl j-jJfl 4« Jjji ^ 4tb 

.' jUw ijji* JIS UJ 4jkiuii 
{ilSjJ^J jlaullj JdJJkJ Jjlfr Ultftfl ^1 4i J*»1 ji ^ 4d£ j^k> Ji 



jJa j# 4J4l? 4b$b il* j* jii jj- Jm)^ *>*Jlj pUlli 4u£ J>*kai irU^" 
, Lr 2Li ^1 Jrid y h£ ^ 4ijJU^f ^ ,«JjtJl > 



